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SYNOPSIS
Cellulose tripropionate (CTP) was prepared from cotton 
cellulose employing a heterogeneous method for propionylation 
and using zinc chloride as a catalyst. Viscosity-concentra- 
tion studies for solutions of cellulose tripropionate in the 
mixed solvents, chloroform-propionic anhydride, tetrachloro- 
ethane-propionic anhydride and dichloromethane-propionic 
anhydride were carried out. Molecular weights of the samples 
used throughout this work were determined using a high-speed 
membrane osmometer (Hewlett Packard Model 502). The Mark- 
Houwink viscosity-molecular weight relationship was studied 
for the above systems and the respective k and a values were 
evaluated.
The degradation of cellulose tripropionate in the solvents 
mentioned above was investigated and the separate effects of 
nature of catalyst, catalyst concentration, solvent, and 
temperature effect on the rate of degradation were studied.
The extent of degradation was followed by the decrease in 
viscosity with time and molecular weights were evaluated 
using a single-point viscosity relationship to determine 
•limiting viscosity numbers.
The catalysts investigated were HCIO^, H2SO4, FeClg, SbCl^, 
SnCl4 , SbCl^, AICI3, HgCl2, PBr^, and ZnC^- The degradation 
reaction was found to be a first order random process which 
was explained by a mechanism based on the hydrogen and 
propionylium ions as catalytic species.
In many cases the kinetics plots were found to be non-
linear as a result of a side-reaction between catalyst and the 
propionic anhydride whose kinetics were also investigated.
For the degradation reaction,rate constants at zero-time and 
activation energies were evaluated and compared for the 
various catalysts. Side-reaction rate constants were 
determined by direct titration and use of degradation data 
in the case of the acid catalysts.
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1CHAPTER ONE
INTRODUCTION
1.0 Wood and cotton fibre are the major sources of cellulosic 
material without which we could not have life as we know it 
on this planet. In nature it is produced, consumed, and 
destroyed in tremendous quantities each day, and provides man 
with both inspiration and the necessities of life. When one 
considers the widespread occurrence of cellulose in nature 
and its usefulness, it is indeed strange that in the nineteen 
eighties, after more than 150 years of study by eminent 
chemists and biologists, the mystery of its formation and 
fibre structure remains as controversial a subject as ever.
Cellulose is a linear polymer of glucopyranose units 
joined by B-(l-4) linkages. Native cellulose has been found
cellobiose unit
to have a degree of polymerisation (DP) ranging from a few thous­
and up to 15,000 ; the intermolecular hydrogen bonding 
capacity of the three hydroxyl groups in each unit is suffi­
ciently high to make cellulose itself insoluble in common 
organic solvents. These hydroxyl groups are, in fact, a
2major element in shaping cellulose chemistry.
Cellulose is chemically modified for numerous reasons.
Some of these are: to solubilize it for regeneration into 
fibres and films, for thermoplastic production, for coating 
purposes, and generally enhancing its physical and chemical 
properties. The chemistry of these modifications (esteri- 
fication, etherification, nitration is superficially 
simple but the overall situation is complex. Improvements 
depend upon the ability to facilitate and control reactions 
involving the hydroxyl groups, and to minimize or prevent 
any destructive reactions such as oxidation and molecular 
degradation. The difficulties arise because cellulose is 
a high molecular weight material combined with a high degree 
of crystallinity with the result that all cellulose reactions 
begin as heterogeneous ones. Reaction may thus take place 
at the surface of the cellulose fibres (which comprise many 
molecular chains) or within the channels in the cellulose 
structure if the reagent molecules are sufficiently small. 
Reaction can also continue in the swollen and solution 
phases if the cellulose derivative dissolves in the reaction 
medium.
1.1 Pre-Reaction or Swelling Stage
Reactions involving cellulose are initially heterogeneous 
and for reaction to start reagent molecules must enter the 
cellulose fibres to perform their function of chemically 
modifying the bulk of the material 2 . Organic solvents
3are generally poor penetrating and swelling agents for 
cellulose, but if an organic solvent-soluble derivative of 
cellulose is formed then organic solvents or reagents in 
the reaction medium greatly facilitate penetration and 
reaction. In general carboxylic acids are found to be good 
swelling agents for cotton fibre reacting in a chlorinated 
solvent medium.
1.2 Hydroxyl Reactivity
'zRowland studied the substituent positions in different 
etherification reactions at low degrees of substitution. 
Distribution of the substituents provide a direct measure 
of relative hydroxyl reactivities at C^, and (number 
indicates position of carbon atom) in using different 
etherification reagents, such as methyl chloride, ethyl 
chloride, dimethyl sulfate, and N,N-diethyl azinidinium 
chloride.
The C2 : distribution of substituents showed a
downward trend of 2.79 ; 1 : 0.46, respectively, for methyl 
chloride but this became 0.64 : 1 : 0.14 for sodium 2-amino- 
ethyl sulfate. For the reagents studied the relative sub­
stitution at C2 decreased as the size of the substituent 
increased. Croon's^ results showed that hydroxyl reac­
tivities for C2 : are almost the same, being 1.2 :
1.0 : 1.5 respectively, and he concluded that steric factors 
play the main role in the activity of each of the hydroxyl 
groups. Thus the steric effect could be an explanation for
4changes in relative reactivities as a function of changes in 
reagent molecules in the work of Rowland above.
1.2.1 Availability of Hydroxyl Groups
3Studies were made by Rowland using diethyl azinidinium 
chloride to clarify the availability of C2, C^ and hy­
droxyl groups for reaction. The rate of substitution depended 
on the availability,a,of hydroxyl groups for the substituent:
dS3/dt = k3 CO(3)H3a [R]
the denotes the specific rate constant for substituent 
group S at the position, [0(3)H] the corresponding hydroxyl 
concentration, and [R3 the reactant concentration. The 
relative availabilities can be expressed by
CC33 - k2CdS3]
CC2] " kjCdS^]
and these results for different types of cellulose are shown 
below.
Cellulose
Decrystal 1ised 
Hydrocellulose I 
Hydrocellulose II 
Native cotton 
Mercerized cotton
Availability of DS group
C2 C3 C6 Reference
1.0 1.0 1.0 3
1.0 0.28 0.55 3
1.0 0.23 0.74 5
1.0 0.27 0.82 3
1.0 0.79 0.86 6
51.3 Degradation of Cellulose and Cellulose Derivatives
The availability of hydroxyl groups is therefore important 
in all chain reactions. Activation of cellulose (pre-re- 
action stage) is always necessary to increase the accessi­
bility of hydroxyl groups to facilitate the esterification 
reaction, particularly when a DS of 3 is required. Esterifi- 
cation reactions are largely controlled by the rate of dif­
fusion of reactants and catalysts into the inner parts of 
the cellulose fibres or bulk . This has been confirmed
7by Rowland who observed changes in fibre structure during 
the course of the reaction.
Esterification of cellulose, whether in heterogeneous or 
in homogeneous reactions (product dissolves in reaction
omixture), is always accompanied by chain degradation
+This could be due to the presence of the acylating ion, R—C=0, 
in the medium which preferably attacks the hydroxyl groups 
rather than the ether linkages of the cellulose chain; the 
relative importance of the degradation reaction increases 
with degree of substitution.
In general the term "degradation" means the break-down 
of a high molecular weight polymer to one of lower molecular 
weight or even to monomer. In general, degradation processes 
are of two types: a) random degradation in which chain 
breaking occurs at random points along the chains, leaving 
behind fragments still consisting of many monomer units; 
b) chain depolymerisation, which involves the loss of monomer 
molecules one by one at the ends of the chains. The above
6types of degradation may occur separately or together and 
can be distinguished by following the molecular weight of 
the polymer with time during degradation.
The molecular weight of the polymer falls rapidly in the 
case of random degradation, but much more slowly for chain 
depolymerisation.
Degradation of cellulose and cellulose derivatives has 
always been a matter of great interest. A brief review of 
the different types of degradation found in cellulose 
chemistry will now form the remainder of this chapter.
1.3.1 Thermal Degradation of Cellulose
Cellulose, as well as other polymeric materials, is 
stable against heating to some extent, after which the struct­
ure starts to disintegrate into shorter chains, such as 
trimers, dimers or monomers. At higher temperatures de­
composition to carbon dioxide and water occurs. At tempe­
ratures between 100 and 300°C cellulosic material slowly 
degrades into anhydroglucopyranose and laevoglucosan as 
primary products. Through the last sixty years extensive 
studies have been made by various researchers with different
Qapproaches. Thermogravimetric analysis was used by Tang
and others, with disagreement between their results, the
activation energy values varying from 29 to 39 kcal/mol.
A viscosity method has been used by Davis 10 , and a study11
to follow chain degradation in terms of decrease in DP with
1 1time (t) according to -^ p- = + kt/2 .
o
7The activity energy value obtained by Fung 12 using this
kinetic equation was 35 kcal/mol, which is within the range
given by thermogravimetric analysis above. Thermal degrada-
11tion of cellulose nitrate is reported to follow the 
following mechanism:
H - C - ON 0,
H - C - ON 0.
H- C - 0.
I
H— C — 0 NO,
+ N02  > Hc=0 + H-C-0N02
H— C=0 + N09
I 2
It is also possible that the free radicals formed will 
dehydrogenate other organic matter to produce alcohols, or 
may add on to unsaturated compounds present. Cleavage of 
this sort will rapidly decrease the molecular weight, a de­
composition rate of about 1% per hour being reported at 135°C.
14 15Scotney’s * work on the thermal degradation of CTA, 
employing a sample heating rate of 2° per minute, showed that 
the sample started to degrade at - 210°C reaching a weight- 
loss of 801 at - 290°C. The evolution of H 2, CH^, CO, C02 
and CH20 was observed as well as other compounds.
1.3.2 Photodegradation
Methods such as viscosity, infrared spectroscopy, and mass 
spectrometry have been adopted by many workers to study the
1 ^ *| yeffect of light radiation on cellulosic materials . Desai 
made the observation that degradation of cellulose was occurr-
8ing only on the surface of the material which was directly 
exposed to light, due to failure of the light photons to 
penetrate deeply into the cellulose, which was in the form of 
powder or fabric. A mechanism for this type of photo­
chemical reaction, which led to production of gaseous pro-
18ducts, such as CO, CO^, and was proposed by Flynn 
A reaction step, such as 
H
\  /  \C + hv C = 0 + H~
/  \  / 2
OH
provides an explanation for the evolution of hydrogen during 
radiation; the rupture being more likely to start in the vici­
nity of carbon atoms nos.l,2or3of the glucose residue leading 
to substantial oxidation involving the 1 ,4-glucosidic linkages. 
Flynn proposed the following reaction steps:
H
X — C = 0 + hv + C O + X .  + H (for primary OH)
X — C = 0 + hv -*■ CO + X: (for secondary OH)I
where X represents the remaining cellulose chain.
19Hsia Chen studied the effect of ultraviolet radiation
on cellulose triacetate in the form of a thin film (assumed
to be homogeneously exposed) at 70°C. In this case the
material was decomposed into the six different products
CH2 - C = 0, CO, H2, CO2, H^O, and CH^COOH. Similar results
20were obtained by Kozmina by radiating CTA film in a vacuum 
and in an oxygen atmosphere; his results showed that CTA
9decomposed into the same products in both cases ((CH^^OO, 
C02, CO, H 20, CH^, and H2) but decomposition in the presence 
of oxygen was much higher (about 8 times) than under vacuum.
1.3.3 Acid Hydrolysis
Acetal linkages are sensitive to acid hydrolysis and the 
cellulose chain is therefore easily split in an acid environ­
ment. The hydrolysis reaction is believed to follow a
In the heterogeneous hydrolysis of cellulose the rate of 
the reaction depends on the accessibility of the glucosidic 
bonds in the amorphous regions and the reaction comes essen­
tially to an end when accessible regions have been hydrol­
ysed. Because of this, heterogeneous hydrolysis has there­
fore been used to determine the relative crystallinity of 
cellulosic materials. During hydrolysis the relative amount 
of crystalline area increases at the expense of the amor­
phous area, with consequent continual decrease in accessi-
21-23bility of the material . This type of reaction
2 t^was also studied by Batista and co-worker who developed 
foodstuff materials (crystalline residue) which are used as 
thickeners in low calorie diets.
10
In homogeneous hydrolysis reactions, where all the gluco- 
sidic bonds are equally accessible to hydrolysis, the extent 
of reaction mainly depends on the acid concentration, time, 
and temperature. Here the extent of hydrolysis can be 
measured by following the decrease in molecular weight with
2 5 - 2 7time
The behaviour of cellulose derivatives with regard to
acid hydrolysis closely resembles that of cellulose itself,
the main difference being one of physical state and chemical
structure. In homogeneous reactions both cellulose and
cellulose derivatives lose their physical structure, a
reduction in degree of polymerisation being frequently
28 2 Qaccompanied by a reduction in degree of substitution 1 y .
Water-soluble acid hydrolysed cellulose derivatives (e.g.
methyl cellulose) have been studied by Gibbons and others 
30-32 and their results illustrate the dependence of rate 
of reaction on the degree of substitution. From these studies 
it can be concluded that the rate of hydrolysis decreases as 
the degree of substitution is increased.
1.3.4 Oxidative Degradation
Oxidation reactions of cellulose and cellulose derivatives 
are quite different from substitution reactions which come 
to an end when all the available hydroxyl groups have reacted. 
Oxidation normally proceeds until all the cellulose is con­
verted into carbon dioxide and water.
In cellulose each glucosidic unit has two secondary
1 1
alcohol groups (C^ and positions) and one primary one (C^),
any of which can be oxidised to an aldehyde or ketone without
immediate chain scission. These reactions result in rupture
of the ring and this change in ring structure now makes the
3 3“ 3 Aadjacent 1,4-glucosidic linkages alkali-sensitive . This
leads to further oxidation and then chain scission. Many 
oxidative reagents used for the purpose of cellulose bleaching 
and purification (i.e. removal of lignin, protein, pectin etc.) 
are known to oxidise cellulose. This is an undesirable but 
almost inevitable side reaction.
A great deal of work has been done during the last thirty 
years on the effect of various oxidising agents on cellulose.
Periodate, nitrogen dioxide, and lead tetraacetate are oxi-
35dants of varying specificity , in addition to oxygen, ozone,
36-39 40, hydrogen peroxide, chlorine , and chlorine
oxy-acids. It has been found that some oxidants prefer to
attack a certain position, or group, in a glucosidic unit as
summarised below.
12
The extent to which oxidative degradation varies from one 
cellulose derivative to another is briefly discussed later.
Direct attack by oxygen can cause a marked change in
properties. Thus clear sheets of ethylcellulose are reported 
41 421 to become opaque and brittle when exposed to high
temperature in an oxygen atmosphere. The rate of oxygen
absorption by ethyl cellulose under controlled conditions
43 44was studied by McBurney and Evans ; their findings showed 
the oxidation rate to be a function of time and temperature 
and independent of the degree of substitution or chain length 
of the polymer. This was substantiated by measuring the 
hydroperoxide development during degradation as well as the 
formation of carboxyl groups and also the effect of oxidation 
on the ethoxyl content. These workers found that ultra­
violet radiation acted as a catalyst for the oxidation
44reaction of ethyl cellulose
Cellulose esters are found to be the most stable amongst
the many cellulose derivatives, samples having been reported
to maintain their initial properties after storage for
25 years. Cellulose acetate is, however, degraded at higher 
45-4qtemperatures , but it is still many times more stable
under comparable conditions than cellulose nitrate, cellulose 
ethers, or ethyl cellulose. The latter will oxidise rapidly 
in an oxygen atmosphere at 90°C, whereas under the same 
conditions cellulose triacetate is quiet stable. Only at a 
temperature of 160°C is cellulose acetate oxidised to an 
extent comparable to that of cellulose ethers, with a 
corresponding loss in desirable properties^. The major
13
product of cellulose acetate decomposition is carbon monoxide, 
among many other products such as water, carbon dioxide and 
acetic acid; removal of these products from the reaction
1.3.5 Alkaline Degradation
It has been known for a long time that cellulose treated 
with alkaline solutions suffers a considerable decrease in 
molecular weight, which was found to be a function of the 
number of reducing end-groups present. The reaction 
starts with oxidation of the hydroxyl groups on C2 and 
into keto or aldehydic groups as shown in the possibilities
The aldehydic group renders the hydrogen at (a to alde­
hyde group formed) electrophilic enough to be reacted with 
the base 0H~ leading to formation of double bond between 
and (a and 8 positions to aldehyde group) with scisson 
of the ether link as shown below.
44media was found to increase the degradation rate
below o o o
0  H - C - O H
H O H .C -C -H C = 0
0 O 01
O o
c=oo o H - C - O H
a I a
H O H .C -C -H  H O -C —H O H C - C - H  H O - C - H
The extent of degradation increased with alkali concentration 
50 A substantial increase in degradation rate has been
observed when metal chlorides such as cobalt, nickel, or
51manganese are added to the reaction mixture . Achwal et al 
5 2 have studied the degradation in alkaline solvents and 
proposed the following three reaction stages: a) absorption 
of atmospheric oxygen; b) oxidation leading to the formation 
of functional groups; and c) chain scission under alkaline 
conditions.
Based on kinetic studies of ageing of alkali cellulose,
5 3Dowell and Kuiken found that all the glucosidic bonds are 
equally accessible for cleavage and that bond rupture is
completely random; the reaction was found to follow first
5 2order kinetics as suggested by Achwal 
'6 Microbial Degradation
Cellulosic materials in nature are subjected to continuous 
degradation caused by numerous species of fungi, bacteria 
and actinomycetales, an order of bacteria producing a fine 
mycelium. These processes are of basic importance for 
maintaining the vital carbon cycle in nature. Animals also,
15
through their digestive system, decompose cellulose to some 
extent so as to make it digestible by cellulytic bacteria.
Amorphous regions of cellulose are microbiologically de­
graded more rapidly than the crystalline ones; therefore
highly crystalline cellulose is greatly resistant to enzymatic 
54attack , Microbial degradation of cellulose is generally
considered to be a hydrolytic process, carried out by at
least two enzymes, to give a final product of glucose. The
application of antibacterial agents to textile fibres, and
in the paper industry, began in the early 1940*3 as a direct
demand to protect fabrics and paper from outdoor microbiolo-
55gical degradation. Materials, such as salts , organometals
56 57 58 59, iodine , phenols and thiophenols , antibiotics 7 ,
60formaldehyde and its derivatives are among the many com­
pounds which have been generally successful. Cellulose deri­
vatives were found to resist rotting much better than 
cellulose itself. In the years 1940-1950 the Southern Lab­
oratory did a great deal of work on partial acetylation of 
cotton, and developed a process for treating cloth for 
sandbags for military use^1 . The treated sandbags were found 
to resist rotting for more than a year, even when exposed to 
prolonged wet conditions.
16
CHAPTER TWO
MATERIALS AND CTP PREPARATION AND CHARACTERISATION
2.1 Materials 
Cotton fibre
Cellulose (in the form of cotton linters) used throughout 
this work was kindly supplied by the Holden Vale Manufacturing 
Co. Ltd., Lancs, (low fluidity; Cook No. 024917). It had a 
viscosity value of 32 sec. in 2.5% cuprammonium solution 
measured by A.C.S. (American Standard), a soda solubility of 
3.2% in 7.14% aqueous solution of sodium hydroxide, an ash 
content of 0.05%, and an iron content of 10 ppm. The cotton 
linters had already been processed and purified, therefore 
they were free of waxes and pectin.
2.2 Solvents
(a) 1, 1, 2, 2 - tetrachloroethane (TCE)
The laboratory grade (BDH) was purified by the method of
62 3 TVogel , in which the solvent (1 dm ) was stirred with 250 cmJ 
of concentrated sulphuric acid for 30 min. at 80°C. The acid 
layer was separated (slightly coloured) and the process was 
repeated until the acid remained colourless. The solvent was 
then washed thoroughly with four 500 ml lots of distilled 
water, twice steam-distilled, washed again with distilled 
water, dried over anhydrous calcium chloride for 24 hours, 
and finally fractionally distilled with the fraction b.p 145- 
146°C being collected.
17
(b) Chloroform
Analar chloroform (BDH) contains about 2.5% v/v ethanol 
as stabilizer. The ethanol was removed by washing chloroform 
thoroughly with distilled water (1:1 v/v) five times. The 
organic layer was dried over anhydrous calcium chloride for 
24 hours. The dried chloroform was distilled under reduced 
pressure (it was found to slightly decompose at higher 
temperatures) at 20°C The distillate was used immediately 
to prepare a stock solution of chloroform-propionic anhydride 
which was stored in a darkened container and used as soon as 
possible; it was noticed that propionic anhydride also acted 
as a stabilizer,
(c) Dichloromethane (DCM)
Analar grade (BDH) was dried over anhydrous calcium 
chloride for 24 hours and then distilled, the fraction of b.p 
39-40°C was collected and stored for further use.
(d) Propionic anhydride (P^O)
This was laboratory reagent grade (BDH) with minimum assay 
97% containing 3% propionic acid. The anhydride was distilled 
before use, and the fraction b.p 165-170°C was collected, and 
stored for further use.
(e) Propionic acid (PrOH)
The laboratory reagent grade was supplied by BDH with assay 
99% and distilled before used. The fraction having b.p 139-
18
140°C was collected.
(f) Carbon tetrachloride
Analar grade (BDH) with minimum assay of 99.8% was used 
as supplied.
(g) The following solvents and reagents were used as 
supplied: carbon disulphide, petroleum ether (60-80°C), 
diethyl ether, methanol, ethanol, and triethylamine.
2.3 Glove-Box
The glove-box used in this work was equipped with a 
balance (for primary weighing), two desiccating dishes filled 
with phosphorus pentoxide, and was kept under dry and oxygen- 
free nitrogen.
2.4 Catalysts
The following catalysts were used as supplied without any 
further purifications. The catalysts sulphuric acid, per­
chloric acid, antimony pentachloride, ferric chloride 
and stannic chloride were kept inside the glove-box. The 
other catalysts used throughout this work (see Table 5.49) were
kept in a desiccator containing calcium chloride.
(a) Sulphuric acid: Analar grade (BDH with assay of 98% 
sulphuric acid.
(b) Perchloric acid: Analar grade (BDH) was used, its. assay 
was determined by titration against 0.1 N NaOH and
19
the mean of six analyses was obtained. It was found 
to have an assay of 70.1% w/v.
(c) Zinc chloride: The anhydrous salt was supplied by 
Research Org/Inorg. Chem. Corp. California, and had 
a minimum assay of 98%.
(d) Antimony pentachloride: The BDH anhydrous technical 
grade was used.
(e) Ferric chloride: Supplied by BDH, anhydrous, and had 
a minimum assay of 96% (containing about 1% FeCl2)
(f) Stannic chloride: This was supplied by BDH with a 
minimum assay of 98%.
2* 5 Propionylation
2.5.1 Introduction
Cellulose.tripropionate was first prepared by Dreyfus and 
Schneider in 1931, using propionic anhydride and propionyl 
chloride as propionylating agents in the presence of a 
catalyst. However, esterification of cellulose was achieved 
quite a long time before that and, although the esterification 
process was an industrially very important one, no real effort 
had been made to study the chemical mechanism involved.
64Burton and Praill have studied a modified Friedel-Crafts 
acetylation reaction, with a strong acid catalyst, in the 
conversion of anisole to p-methoxy acetophenone. They sugges­
ted that acetylium ions (CH^C-O) are formed in solutions
20
containing perchloric acid and acetic anhydride according to 
H +(C104r  + A c20 -:;-n Ac+ (C10~) + AcOH
H+ + A c20   N Ac2+OH  ^ Ac+ + Ac OH
Ac 0H2 + Ac20 Ac2OH + Ac OH ~-^Ac* + 2Ac OH
(where Ac is CH, £ = 0).D I
Acetylium ions can then react with hydroxyl groups according to
Ac + ROH -> ROAc + H+
(where R represents cellulosic unit)
65Burton and Praill have also catalysed the same reaction
with zinc chloride, and they proposed the following mechanism 
for the acetylation of anisole:
ZnCl2 + 2Ac 20 -* Ac2++ [ ZnCl2 (OAc) -----------
2PhOMe+ +2 AcOH + ZnCl2 ^ H2 [ZnCl20Ac] + 2MeOC6H4Ac h
They found zinc chloride in the above reaction to be a more 
efficient catalyst compared with others such as aluminum 
chloride.
The acetylation of cellulose is a complex reaction in­
volving intermediate compounds and many kinetic studies, using 
various acetylation conditions,have been carried out. It 
was recognized that treatment of cellulose with acetic anhy­
dride alone is not sufficient to bring about acetylation at 
room temperature, but by adding a catalyst (mineral acids 
such as H2S04 and HC104 or Lewis acids such as ZnCl2) an
21
intermediate is formed which enables the reaction to proceed. 
Blume and Swezey^ observed a great change in the rate of
/T ry
acetylation with the use of different solvents. Frith 
studied the behaviour of wood pulp in an acetic anhydride- 
dichloromethane-perchloric acid system and found the ace­
tylation reaction to be a pseudo first-order one. Recently, 
an extensive heterogeneous kinetic study was carried out by 
Farvardin on the propionylation of cotton fibres using 
propionic anhydride-chlorinated solvent mixtures, the reaction 
being catalysed by various metal halide catalysts as well as 
sulphuric acid and perchloric acid over a wide range of 
temperatures. He observed that propionylation followed 
pseudo first-order kinetics for most of the catalyst concen­
trations studied.
2.5.2 Choice of Catalyst
Results from previous work on degradation of cellulose 
triacetate^’ ^ and propionylation of cellulose^ suggested that 
the catalyst can act in two ways by catalysing esterification 
on the one hand and degrading the products on the other; the 
two rates of reaction being different from one another. Zinc 
chloride was found to be the most suitable catalyst for 
preparing all the cellulose tripropionate samples used through­
out this work for the following reasons:
(a) it is soluble enough to carry out the required reactions;
(b) its degradation effect on the product is slow so that it 
was easy to control, and
(c) it does not colourise the product and is easy to wash
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out since it does not show any complex formation with 
cellulose active centres as indicated by the elemental 
analysis of the product.
2.5.3 Preparation of the Reaction Mixture
A weighed amount of zinc chloride was introduced into a
*71 dm flask, followed by addition of propionic acid, and the 
flask was stoppered and shaken until most of the zinc chloride 
had dissolved. The required amount of propionic anhydride 
was then added, which helped to dissolve the remaining zinc 
chloride. After all the zinc chloride had dissolved (warming 
the flask was sometimes required) carbon tetrachloride or 
carbon disulphide was added and the stoppered flask placed 
in a thermostated bath at 40°C. The compositions used are 
shown in Table 2.1.
2.5.4 Activation of the Cellulose
This process was started three days before preparation of 
the reaction mixture as in 2.5.3 above. 10 Grams of cellulose 
sample (as described in 2.1) was activated by impregnation with 
propionic acid for 72 hours at room temperature (23-24°C) and 
then most of the propionic acid was filtered off by water- 
pump, residual propionic acid about 30 g. The activated 
cotton fibres were immediately transferred into the reaction 
mixture at 40°C as described in 2.5.3 above.
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2.5.5 Propionylation of Cellulose
The molecular weight of cellulose tripropionate samples 
prepared in this work depended on the reaction time and cata­
lyst concentration, and could be controlled by using a suitable 
combination of both.
The reaction was timed from the moment the activated 
cellulose was added to the reaction mixture. During the 
reaction, the flask was shaken every four hours during day­
time. To obtain low molecular weight samples the reaction was 
continued for a longer time so that more chain degradation took 
place.
Its extent was determined by removing a small sample of
the product during the final stages of propionylation, which was
■washed (see below), dried, and its molecular weight calculated from
its LVN value in chloroform using the Mark Houwink equation
71(IC and a values used from literature ) . The reaction was 
stopped at the required degree of polymerisation by adding 
petroleum ether to the reaction flask to precipitate out 
what dissolved in the reaction mixture (most of the product 
was fibrous material). This was filtered off on a sintered 
filter (No. 3), washed with carbon tetrachloride, diethyl 
ether, ethanol, and finally with an ethanol-water mixture 
(1:1 v/v) before drying to constant weight in a vacuum-oven 
at 100°C. Samples of CTP prepared, which are shown listed in 
Table 2.1,were stored for further studies.
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2 .6 Analysis
During propionylation of cotton cellulose the three 
hydroxyl groups in each glucosidic unit may be substituted 
partly or totally by propionyl groups. The degree of sub­
stitution, DS, has a value of 3 for full propionylation to 
give cellulose tripropionate. Table 2.2 shows various 
degrees of substitution and the theoretical analysis values 
for cellulose propionate (CP) in each case.
Table 2.2 DEGREE OF SUBSTITUTION AND THEORETICAL ANALYSIS FOR CP
Polycarbo­
hydrate
DS Mol. wt. 
cello- 
biose 
unit
wt. %
propio
-nyl
wt. % 
prop, 
acid
moles prop­
ionic acid 
per g cell­
ulose
wt°/o carbon
Cellulose - 324.292 - - - 44.445
Cellulose
monoprop­
ionate
1 436.422 26.155 33.949 4.583xlO~3 49.539
Cellulose
diprop­
ionate
2 548.552 41.617 54.019 7.292xlO~3 52.550
Cellulose
triprop­
ionate
3 660.682 51.831 67.277 9.082xl0-3 54.539
In this work the two methods employed to determine the 
degree of substitution were the saponification method, and 
combustion microanalysis.
2.6.1 Saponification Method
72The Howlett-Martin method was employed to determine the 
combined propionic acid content which was calculated from the
26
following equation
. . . . „ 7. 408 X N (Vi - V ? )  ro npropionic acid % =  —— (2.1)
where is the actual titre, V 2 is the blank titre (without 
cellulose), N is the normality of sodium hydroxide used for 
titration and w represents the weight of the sample. The 
experimental procedure for the analysis was as follows.
About 0.3 g of a dry sample of cellulose tripropionate was
3 3weighed into a 100 cm conical flask, to which 5 cm of
absolute ethanol was added to facilitate wetting of the
sample. This was followed by adding 15 cm of an approximately
1 N KOH solution in a 50% v/v water-ethanol mixture. The
reaction mixture was then left to stand overnight at room
temperature (about 23°C) to complete the hydrolysis. It had
68been reported that 6 hours was enough for complete hydrolysis .
3Then 15 cm of IN standard sulphuric acid was added to neutra­
lise the unreacted potassium hydroxide. The excess sulphuric 
acid was determined by back-titration with standard N/10 
sodium hydroxide solution, under a blanket of nitrogen, using 
phenolphthalein indicator. A blank run was carried out 
exactly as above, but in the absence of cellulose propionate, 
in order to measure the original excess amount of sulphuric 
acid remaining after addition of the potassium hydroxide.
The volume of N/10 sodium hydroxide used in the blank run was 
labelled V2 as shown in equation 2.1. Results for the ana­
lysis of CTP samples are shown in Table 2.3.
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2.6.2 Elemental Analysis (combustion analysis)
Elemental analysis was used to check the degree of sub­
stitution in the cellulose propionate • samples under study, 
by determining their carbon and hydrogen contents. The 
analysis was carried out by the Microanalysis Unit of the 
Chemistry Department, University of Surrey, and the results 
are shown in Table 2.4.
The analytical results obtained show that the samples 
prepared in each case, are the fully substituted cellulose 
tripropionate.
Table 2.4 COMBUSTION MICROANALYSIS OF CELLULOSE PROPIONATE
Sample wt %C wt %H
7 54.33 6.67
9 54.30 6.82
10 54.34 6.48
12 54.69 6.56
Theoretical values for CTP are 
54.54%C and 6.7UH
CHAPTER THREE 
VISCOSITY AND MARK-HOUWTNK CONSTANTS FOR CTP
3. INTRODUCTION
Measurement of dilute solution viscosities provides the
73-74simplest and most widely used technique for the study
of polymers. It is not an absolute method, therefore for each 
polymer-solvent system it must first be calibrated using an 
absolute molecular weight method such as light scattering or 
membrane osmometry. Viscosities are measured at solution 
concentrations less than 1.0 g/dl by determining the flow­
time of a certain volume of solution through a capillary tube 
of fixed dimensions, at constant temperature. When a polymer 
dissolves in a liquid the interaction of the two components 
simulates an increase in polymer dimensions over that in the 
unsolvated state. Because of the vast difference in size 
between solvent and solute molecules, the frictional forces 
of the solvent in the mixture are drastically changed, and 
an increase in viscosity value occurs, which depends on the
size and shape of the dissolved polymer. This was first
7 5 -recognized by Staudinger in 1930 who found that an empi­
rical relation existed between the relative magnitude of the 
increase in viscosity and the molar mass of the polymer.
3.1 Limiting Viscosity Number (LVN)
Several ways of expressing viscosity are in use which may 
be summarised as shown below. The International Union of 
Pure and Applied Chemistry has recommended new names for 
various viscosity terms to avoid inconsistencies in the older 
terminology, shown in parentheses.
29
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1. Viscosity ratio (relative viscosity): nr
nr “ n//f|o * t^to 3,1
In this expression, n and nQ refer to solution and solvent
oviscosity, respectively, in poise units (dyne, sec/cm ).
These are proportional to the corresponding flow-times, t and 
t through the viscometer capillary, and the viscosity ratio 
is dimensionless. Equation 3.1 is applicable to dilute solu­
tions where solution and solvent densities are assumed to be 
the same.
2 .
3.
4.
5.
Viscosity data dependent on concentration can be extra­
polated to infinite dilution by means of the Huggins 
equation.
Specific viscosity: nSp
Viscosity number (reduced viscosity) : nre(j
nred = "sp70 3-3
where c is the polymer concentration
Logarithmic viscosity number (inherent viscosity 
number): ninh
ninh = V /c 3'4
Limiting viscosity number (intrinsic viscosity): End 
Cn3 - (nSp/c) c-k >
31
FiQ' 3-1 Viscosity number and logarithmic viscosity 
concentration curves for cellulose tripropionate in chl-ooroform at 25 C ,
32
n /c = Cn3+ k' Cn]2 c 3.5'sp
where k ’ is a constant for a given polymer with different
molecular weights in a given solvent. The ultimate definition
of the limiting viscosity number leads to the equation of 
77Kraemer
(In nr)/c - Cn3 * k" Cn]2 c 3.6
Plotted data are shown in Fig. 3.1, the slopes of the lines
vary with [nd2 as required by Eqs. 3.5 and 3.6 for each poly-,
mer of different molecular weight in the solvent.
3.2 Single-Point Determination of Limiting Viscosity Number
Maron in 1961 proposed a single-point equation for deter­
mination limiting viscosity number, Since then numerous 
equations have been proposed for the same purpose. Some of 
the most important equations are discussed below with regard 
to their applicability to chloroform-propionic anhydride and 
tetrachloroethane-propionic anhydride systems.
781. Maron equation
Cn] = (nsp + yIn nr) / C(l+y)
where y, a constant based on the Huggins and Kraemer 
equations, is given by
y - Ic’Cn]2 c/k"[n]2 c = k'/k"
Results obtained by this equation with the above solvent 
mixtures were generally found to give better agreement with 
experimental Cn] values, as compared with the other equations.
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In all cases experimental values for [n] were obtained by 
least squares.
2. Solomon-Gotesman e q u a t i o n ^
Cn] = nsp/Cc (1 + 1/3 nsp)l
Results obtained by this equation were more accurate with 
chloroform-propionic anhydride solvent (- 0.5%) than with 
tetrachloroethane-propionic anhydride (1-1.5%), and it needs 
no polymer-solvent constants.
q q3. Solomon-Giuta equation 
M  = /2(nsp-ln nr)/c
Results obtained by this equation were found to be 2% high 
for both solvent systems. However, its accuracy increased
3with lower concentrations * 0 .1g/100 cm .
8i4. Varma-Singupta equation
(a) for extremely good polymer-solvent system
(k'/k" in Huggins and Kraemer constants are < 0.4)
Cnl = v-2Cnsp- lnnr ) * (1 - n2sp/12) x 1/c
(b) for fairly good polymer-solvent system 
Cn] = /2(nsp- lnnr) x (1 + n2sp/18) x 1/c
In chloroform-propionic anhydride solvent equation (a), gives 
LVN values with an accuracy slightly better than that of 
Solomon-Gotesman (1 0.1%). On the other hand equation (b) 
gives LVN values an average 2-4% higher than the experimental 
values, but its accuracy becomes much better at lower con-
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centration {> 0 .lg/100cm^).
5. L. Ackerman and W.J. McGill equation 
These authors added a .correction'factor to the Varma-Singupta 
equation (above) to give
r i - H I ------- TTT T  x C1 " + n 2 /B ) X 1 / cCn] = /2(nsp-lnnr ) sp sp
LVN values obtained by this equation (in the solvents mentioned 
above) tend to be ~ 2% lower than the experimental values 
however, its accuracy improved at lower concentrations and 
became close to the calculated LVN. In general all the 
equations were found to give better results at lower concen­
trations .
In the present work it was decided to use the Solomon- 
Gotesman equation for obtaining Cn] values because
(a) it gives good agreement with experimental LVN values;
(b) no additional parameters were required to be determined;
(c) a satisfactory application had already been found for 
cellulose triacetate solutions so that comparison with 
CTP could be made on the same basis.
3.2.1 Viscosity-Molecular Weight Relationship
Staudinger’s prediction, in 1930, that the viscosity number 
of a polymer should be proportional to its molecular weight 
has been found to be true, with the slight modification that 
the limiting viscosity number has been substituted for the 
viscosity number. The relationship is expressed in the 
Equation 3.8
[r»d = K M a (Mark-Houwink equation) 3.8
82
35
where K and a are constants determined from a double loga­
rithmic plot of limiting viscosity number and molecular 
weight (see Figs. 3.6 - 3.8). Such plots are usually found 
to be linear within experimental error. Statistical treat­
ment of randomly coiled polymers shows that the exponent a 
can vary from 0.5 to 1.0 depending on the degree of coiling, 
and both K and a are functions of both the solvent and poly­
mer type. This empirical relationship between viscosity and 
molecular weight is valid only for linear polymers. Limiting 
viscosity number measurements lead to the viscosity-average 
molecular weight as defined by
where and are the number, and molecular weight of the
Thus My depends on a as well as on the distribution of
the molecular species. For many polymers, My is about 20%
lower than 5J as shown in Fig. 3.2. w °
oo 1 +a -i 1/a
-1/a
i = l.1 N i M iM =  I WiMi01 
v i = l I N ± Mi
3.9
i=l
+* "hmolecules in i species whose weight fraction is
00
I Ni Mi 
i=l 3.1000
I Nii=l
3.11
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Number average
^ Viscosity average 
v
Weight average
M z Average
length of chain
FIG. 3.2
M z = i y    3.12
J  Ni m /
1-1
The Mn , M^, averages can be determined from osmometry, 
light scattering and ultracentrifugation methods, respectively,
3.2.2 Limiting Viscosity Number and Molecular Size
An absolute measurement of polymer chain size can be 
obtained from either light-scattering or osmometric measure­
ments, but where it is inconvenient to use these techniques the 
size can be obtained indirectly from viscosity measurements 
which are related to the volume occupied by the chain in
solution. A polymer chain in dilute solution can be pictured 
as a coil continuously changing its shape under the action of 
random thermal motions due to conformations about the single 
bonded atoms comprising the chain. Due to this the volume 
occupied by each chain in solution could differ from time to 
time; on the other hand the volume occupied by a single chain 
in solution could differ from that occupied by its neighbours 
because the chains have different lengths depending on the 
p o l y d i s p e r s i t y  of the polymer. Taking these two points into 
account leads to the conclusion that meaningful chain dimen­
sions can only be values averaged over the many conformations 
assumed. Therefore two such averages have been defined.
1. The average root-mean-square distance between the chain
—  iends *<rz>2.
2. The average root-mean-square distance of polymer segments 
from centre of gravity of the chain or "radius of 
gyration" <s2>2.
The two quantities are related, in the absence of excluded 
volume effects, for simple chains 
<r2>2 _ <0s2>2
3.2.3 Freely-Joined Chain Model in Two Dimensions
Assuming a polymer chain-molecule contains n chain units 
each joined by bonds of length 1, then by considering that 
the bonds act like universal joints complete freedom of
rotation about the chain bonds can be postulated. This model
8 3can be represented as in Fig. 3.3.
37
* The angular brackets denote averaging due to chain polydispersity
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(b )
FIG  3 . 3  (a ) Random walk chain o f 32 steps, length / and (b ) cosine law
for two bonds.
The end-to-end distance, r, follows from the cosine law where
r2 = 212 - 212 cos 9 3.13
when n is very large, the angle e will vary over all possible 
values so that the sum of all these terms will be zero, and 
as a result cos 0 = -cos ( 0 + tt ) , then equation (3.13) becomes 
r2 = nl2. 3.14
In a three dimensional freely jointed chain the average square 
end-to-end length is
r2 = 3/2 B2 3.15
  . 1where 3 is equal to /3/2 /n2 1 3.16
Theories (Debye 1948; Kirkwood 1948; Flory 1949-1951) of 
the frictional behaviour of polymer molecules in solution 
show that the limiting viscosity number(LVN) is proportional 
to the effective hydrodynamic volume of the molecule in 
solution divided by its molecular weight. The effective 
volume is proportional to the cube of a linear dimension of 
the randomly coiling chain, and the LVN value is given by
39
T r 2 )3/^
m  88 * - 3.17M
where 4» is a universal constant.
The extent of the chain coil perturbation by long range 
effects is measured by an expansion factor a, introduced 
by Flory, which relates the perturbed and unperturbed dimen­
sions respectively by
<r2>5 = a <r 2>5 3.18
where in a good solvent a has a larger value than in a poor 
solvent.
84Flory and Fox suggested that as the viscosity of a
polymer solution depends on the volume occupied by the poly­
mer chain, it should be reasonable to relate coil size and 
[t}]. Here Cn3 could be related to the square root of the 
molar mass by
Cnl = K M ^  3.19
and replacing (r2) 2 by a(rQ2)2 the term rQ2 /M becomes
a function of chain structure independent of its surround­
ings or molecular weight so that from Eq. 3.17
K = <Kr|/M r 2 3.20
Equations 3.19 and 3.20 are derived for monodisperse 
samples, and when measurements are preformed with hetero- 
disperse polymers, the appropriate averages to use are Mn
and <r02> • Tke parameter <j>, as mentioned earlier, was
considered to be a universal constant, but experimental work 
suggests that it depends on the solvent, molar mass, and 
degree of polydispersity. Values can vary from an experimental 83
4o
one of 2.1 x 1021 to a theoretical limit of about 2.84 x 1021 
when Cn] is expressed in dl/g. A most probable value of
2.5 x 1021has been found to be acceptable for most flexible 
heterodisperse polymers in good solvents . Flory derived^
a theoretical value for <j> of 3.62 x 1021 assuming the 
molecules are spherically symmetric ones, which may not be 
the case in practice.
3.3.1 K and a Evaluation
The viscosity of solutions of cellulose tripropionate in 
chloroform-propionic anhydride tetrachloroethane-propionic 
anhydride and dichloromethane-propionic anhydride solutions 
were determined at various temperatures ranging from 20 to 
40°C and 15 to 30°C respectively. Solutions were 2M with 
respect to propionic anhydride (see Chapter 5 for prepara­
tion) .
All viscosity measurements were made using Ubbelohde 
viscometers with certain modifications. Quickfit joints 
were used (Fig. 3.4) to give a closed system so as to avoid 
evaporation of solvent. A special viscometer head incorpora­
ting grease-free PTFE taps (Fig. 3.4) was designed to facili­
tate the experimental procedure. The air pumped into the 
viscometer -for each determination procedure was first passed 
through two 75 cm columns containing calcium chloride and 
silica-gel, then through two solvent tubes (Fig. 3.5) at 
bath temperature so that it was dry and saturated with 
solvent vapour before entering the viscometer.
41
Fig. 3.4 Ubbelohde viseoneter with special head
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Viscometers were first cleaned with chromic acid solution, 
and then thoroughly rinsed with distilled water by drawing it 
through the viscometer, using a water-pump. This was followed 
by acetone rinsing and drying in an oven at 60°C. Subsequently 
after each run the viscometer was first emptied of solution, 
thoroughly rinsed with acetone (using water-pump) and then 
oven-dried at 65°C. After cooling any trace of acetone vapour 
was sucked off by water-pump, and finally swept out with 
filtered nitrogen gas, ready for the next run. Each viscometer 
was held by a special holder designed to keep it vertically in 
a thermostated water-bath (controlled to ± 0.01 °C). A cooling
unit was used for temperatures below 25°C.
The average solvent flow-times for all the solvents and at 
all the temperatures adopted throughout the current work, were 
determined by recording the mean of least three consistent 
flow-times (t 0.01 sec.) for each solvent-temperature system. 
Measurements were made in the same way-, as described below for 
polymer solutions.
Each cellulose-tripropionate (CTP) solution was prepared 
by weighing oven-dried (105°C) CTP into a volumetric flask 
( Grade A) , and then dissolving in a suitable amount of solvent 
before making to the the mark at the required working 
temperature. Solutions were then left to stand at least 6 
hours in the bath, with occasional shaking, before use.
Exactly 10 ml of this solution was then pipetted into a dry 
viscometer, having first been drawn through a No. 3 sintered
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filter, and then left to stand at the bath temperature for 
about 10 minutes when the flow-time was recorded. The mean 
of at least two consistent readings was recorded and then 10
7.cm of filtered thermostated solvent (at the working temperature) 
was added to the solution in the viscometer bulb. The solution 
was stirred by shaking and bubbling air through it.(reversed 
air-flow). The air aid was used to a minimum, possibly about 
three times with few bubbles at a time for each mixing process, 
so that the final concentration in the viscometer was halved.
The solution was forced up twice into the small bulb of the 
viscometer (Fig. 3.4) to ensure uniform mixing, and a mean of 
at least two consistent flow-times were recorded. This 
dilution procedure was repeated at least twice. LVN values 
at different temperatures were evaluated by plotting nre(j 
versus g/dl concentration. The intercepts (LVN values) were 
calculated by the least squares method.
The constants in the Mark-Houwink equation (Eq. 3.8) at 
each working temperature, were determined from double loga­
rithmic plots of limiting viscosity number and molecular 
weight and the results shown in Table 3.1 -3.4 and Fig. 3.6-3.8.
Such plots were linear within experimental error and the method 
of least squares was used to evaluate K and a in the usual way.
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VISCOSITY-CONCENTRATION DATA FOR SAMPLES OF CELLULOSE 
TRIPROPIONATE IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION
TABLE 3.1
Temp Sample Concn.. g/100 cm'
Flow-time
sec.
In]
dl/g
20°C 10 0.0000
0.6000
0.3000
0.2000
0.1500
103.30
169.64
134.59
123.48
117.75
0.9110
12 0.0000
0.6000
0.3000
0.2000
0.1500
98.70
210.03
146.37
129.10
120.75
1.3603
0.0000 
0.6055 
0.4050 
0.2025 
0.1012
104.40
232.10
182.27
139.28 
121.00
1.4750
0.0000
0.6000
0.3000
0.2000
0.1500
103.40
253.54
167.50
143.73
132.60
1.7090
25°C 10 0.0000
0.4000
0.2000
0.1333
0.1000
115.60
160.10
136.50
129.40
125.80
0.8566
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Table 3.1 continued
Temp. Sample Concn., g/100 cm*
Flow-time 
sec.
Cr,3
dl/g
25°C 12 0.0000
0.4000
0.2000
0.1333
0.1000
98.11
157.45
125.29
115.64
111.13
1.2599
0.0000
0.4050
0.2025
0.1350
0.1012
98.00
165.97
129.31
118.05
112.52
1.4028
0.0000
0.5885
0.2943
0.1961
0.1471
89.20
208.41
139.53
121.05
112.70
1.6089
30°C 10 0.0000
0.4028
0.2014
0.1342
0.1007
92.33 
125.38 
107.95 
102.54 
99.95
0.7941
12 0.0000
0.4012
0.2006
0.1337
0.1003
83.65 
129.04 
104.53 
97.31 
93. 70
1.1483
0.0000
0.4006
0.2003
0.1335
0.1002
92.80
151.74
119.65
110.15
105.63
1.3090
Table 3.1 continued
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Temp. Sample Concn. . g/100 cm'
Flow-time 
sec. Mdl/g
30°C 0.0000
0.4000
0.2000
0.1333
0.1000
92.33
162.20
123.30
112.33
107.20
1.5000
40°C 10 0.0000
0.4000
0.2000
0.1333
0.1000
84.00
110.54
96.43
92.12
89.96
0.6874
12 0.0000
0.4012
0.2006
0.1337
0.1003
83.40 
123.57 
102.13
95.52
92.40
1.0335
0.0000
0.4028
0.2014
0.1343
0.1007
75.85
117.66
95.10 
88.36
85.10
1.1573
0.0000
0.4012
0.2006
0.1337
0.1003
83.40 
135.44 
107.41 
98. 75 
94.76
1.2937
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VISCOSITY-CONCENTRATION DATA FOR SAMPLES OF CELLULOSE 
TRIPROPIONATE IN TETRACHLOROETHANE-PROPIONIC ANHYDRIDE 
SOLUTION
TABLE 3.2
Temp. Sample Concn.. g/100 cm'
Flow-time 
sec.
CnD
dl/g
20°C 10 0.0000
0.8000
0.4000
0.2667
0.2000
116.30
216.54
161.45
145.05
137.40
0.8527
12 0.0000
0.8000
0.4000
0.2667
0.2000
113.74
273.74 
183.12 
158.03 
145.81
1.2996
0.0000
0.8000
0.4000
0.2667
0.2000
113.74
299.55 
190.10
161.55 
148.20
1.3372
0.0000
0.8000
0.4000
0.2667
0.2000
113.40 
340.00 
207.35 
172.30 
155.74
1.6392
25°C 10 0.0000
0.4000
0.2000
0.1333
0.1000
104.18
143.10
122.75
116.13
112.70
0.8048
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Table 3. 2 continued
Temp. Sample Concn.. g/100 cm'
Flow-time 
sec. Cn]dl/g
25°C 12 0 . 0 0 0 0
0.4000
0.2000
0.1333
0.1000
107.02
165.40
134.10
124.35
119.89
1.1483
0 . 0 0 0 0
0.4000
0.2000
0.1333
0.1000
107.02 
175.12 
137.93 
126.82 
121.64
1.2904
0 . 0 0 0 0
0.4000
0.2000
0.1333
0.1000
104.18
184.90
140.50
127.30
121.20
1.5336
30°C 10 0 . 0 0 0 0
0.4000
0.2000
0.1333
0.1000
95.73
128.25
111.26 
105.75 
103.02
0.7454
12 0.0000 
0.4000 
0.2000 
0.1333 
0.1000
98.13 
149.70 
121.79 
113.34 
109.37
1.0896
0.0000
0.4000
0.2000
0.1333
0.1000
98.13
160.29
126.17
116.04
111.22
1.2580
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Table 3.2 continued
Temp. Sample Concn., g/100 cm'
Flow-time
sec.
[ n ] 
dl/g
30°C 0.0000
0.4000
0.2000
0.1333
0.1000
95.73
162.32
125.81 
114.95
109.82
1.3882
40°C 10 0.0000
0.4000
0.2000
0.1333
0.1000
81.70
113.05
94.20
89.80
87.75
0.7059
12 0.0000
0.4000
0.2000
0.1333
0.1000
83.65
125.20
102.80
96.00
92.80
1.0435
0.0000 
0.4000 
0.2000 
0.1333 
0.1000
83.65
133.83
106.10
98.20
94.30
1.1996
0.0000
0.4000
0.2000
0.1333
0.1000
81. 70
134.60
105.60 
97.20 
93.00
1.3123
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VISCOSITY CONCENTRATION DATA FOR SAMPLES OF CELLULOSE 
TRIPROPIONATE IN DICHLOROMETHANE-PROPIONIC ANHYDRIDE
TABLE 3.3
Temp. Sample Concn., g/100 cm*
Flow-time
sec.
Cn]
dl/g
15°C 10 0.0000
0.6000
0.3000
0.2000
0.1500
79.05
137.55
105.55 
96.35 
92.20
1.0428
12 0.0000
0.6000
0.3000
0.2000
0.1500
79.05
172.35
119.25
104.80
97.70
1.4453
0.0000
0.6000
0.3000
0.2000
0.1500
79.05
193.65
127,95
110.45
101.60
1.7417
0.0000
0.6000
0.3000
0.2000
0.1500
79.05 
205.00 
132 r 95 
112.80 
103.90
1.8939
20°C 10 0.0000
0.4068
0.2034
0.1356
0.1017
83.50
122.00
101.35
95.60
92.10
0.9948
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Table 3.3 continued
Temp Sample Concn.. g/100 cm'
Flow-time
sec.
Cn 3 
dl/g
25°C 0 . 0 0 0 0
0.4020
0.2010
0.1340
0.1005
79. 70 
148.20 
110.60 
99.45 
94.10
1.6968
30°C 10 0 . 0 0 0 0  
0.6000 
0.3000 
0 . 2 0 0 0  
0.1500
71.33
116.75
92.32
84.52
80.98
0.8587
12 0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
71.33
139.47
101.67
90.53
85.63
1.2400
0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
71.33
155.26
107.70
94.04
87.83
1.4092
0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
76.40 
176.10 
119.50 
103.30
96.40
1.5822
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Table 3.3 continued
Temp. Sample Concn.. g/100 cm‘
Flow-time 
sec. Cnldl/g
20°C 12 0 . 0 0 0 0
0.4744
0.2372
0.1581
0.1186
83.00
155.20
114.65
103.80
97.99
1.4287
0 . 0 0 0 0
0.4048
0.2024
0.1349
0.1012
83.00
153.00
113.45
103.23
97.75
1.6398
0 . 0 0 0 0  
0.4020 
0 . 2 0 1 0  
0.1340 
0.1004
83. 50 
161.35 
118.65 
106.33 
100.15
1.8836
25°C 10 0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
79.70
135.80
105.10
95.90
91.30
0.9222
12 0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
80.05
168.91
119.07
104.63
98.02
1.3814
0 . 0 0 0 0
0.6000
0.3000
0.2000
0.1500
80.05
183.31
124.85
108.23
100.58
1.5664
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TABLE 3.4
K and a VALUES FOR CTP IN DIFFERENT SOLVENTS AT VARIOUS 
TEMPERATURES (all solvents containing 2.00 mol/dm^ propionic 
anhydride
Temperature C K/105 dl/g'1
Chloroform
20
25
30
40
7.2795
6.3576
5.3507
4.2756
0.8561
0.8625
0,8708
0.8791
Tetrachloride
20
25
30
40
6.2449
5.7499
5.1239
4.7619
0.8640
0.8650
0.8695
0.8715
Dichloromethane
15
20
25
30
10.0023
6.5417
6.9682
7.7144
0.8386
0.8729
0.8617
0.8451
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CHAPTER FOUR
OSMOMETRY
4.1 Introduction
Many of the distinctive properties of polymers are a con­
sequence of their long chain lengths, which are reflected in 
the high molar masses of these substances which also exhibit 
polydispersity. Because of this the accuracy of measurement 
of their molecular weights is much lower than for simple mole­
cules. There are several absolute methods of determining the 
molecular weight of polymers for various molecular weight 
ranges.
While vapour-phase osmometry can be used for medium range 
molecular weight materials (up to 5 x 10^), colligative 
property methods can only be used effectively for a lower 
range of molecular weights (up to 3.5 x 10 ), osmotic pressure 
is usually used in the range from 5000 up to. 2 x 103 and 
light-scattering is more useful for extremely high molecular 
weights. Because of this there is always one method more 
suitable than others for measurement within a precise range 
of molecular weights.
When two liquids, A and B, are mixed, and vapour pressure 
equilibrium at constant temperature is established, the free 
energy of dilution per molecule of liquid A is given by
pressure for pure solvent A and its partial pressure over the
AGa  = kT In 4.1
where AG is the free energy change, P® and P are the vapour• A n
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solution respectively, and k is the Boltzmann constant.
In ideal solutions where Raoult’s law is obeyed the partial 
vapour pressure of each component is proportional to its mole 
fraction in solution; therefore
P = p° - Na —  = P° n 4.2
* A  A N + N A A
A B
where n^ denotes mole fraction, then Eq. 4.1 becomes
AG^ = kT In n^ 4.3
The total free energy of mixing NA and NB molecules is given 
by
= N, AG + N A G., 4.4m A A B B
and substitution from Eq.4.3 gives
AG = kT (N. In n_ + N_ In n j  4.5
m A A B B
/Since for ideal mixing A H = 0 so that& m
AG = -T A S 4.6m m
then the entropy of mixing is given by
AS = -k(N In n + N In n ) 4.7
m A a  b  b '
In the Flory-Huggins theory of polymer solutions, the 
entropy of mixing shown in Eq0 4.7 for simple liquids becomes 
for polymer solutions
ASm = -k(N^ In v^ + In v2) 4.
where v^ and v2 are volume fractions of solvent and polymer 
respectively. The heat of mixing for a polymer solution is 
given by
6o
AH « XkT N i v 9 4.9m
where x is a parameter to allow for the polymer-solvent 
interaction energy per molecule of solvent. Combining Eqs.
4.8 and 4.9 gives the Flory-Huggins expression for free 
energy of mixing for a polymer solution having a normal 
heat of mixing:
AGm = kt(N^ In v^ + N 2 In v 2 + x v2) 4.10
The partial molecular free energy of dilution, as derived 
from Eq. 4.10 can be expressed by
AGjl = kT [In (1 -V2) + (1-1/x) v2 + 4.11
Since AG^ = the expression for osmotic pressure, n,
becomes
4.12n = - tin (l-v2) + (1-1/x) v2 + xx v22]
where is the molecular volume of the solvent in dilute 
solutions of the polymer and x is the degree of polymeri­
sation for the chain molecule.
Colligative property methods are based on vapour-pressure 
lowering, boiling-point elevation, freezing-point depression 
and the osmotic pressure. The first three are outside the 
scope of the present work and we shall be concerned with the 
osmotic pressure only. The working equation for this is 
derived from Eq. 4.12 when BoltzmannTs constant is replaced 
by the gas constant, R, throughout to convert to a molar 
basis; this equation becomes for dilute solutions88
1 = RT + RTjl^ - x q c  + RT cj 4 a 3
c M V 1 d22 3 V 1d23
6l
where c is the polymer concentration in grams per cubic 
centimetre, is the molar volume of the solvent, d2 is 
the density of the polymer, and M the molecular weight of 
the polymer solute being considered in the derivation.
For dilute solutions in the limiting case we can write
4.2 Osmotic Pressure and Average Molecular Weight
Polymer samples usually consist of mixtures of many 
different molecular species; therefore molecular weight 
methods always yield an average value rather than a 
typical value. Measurements of colligative properties in 
effect count the number of moles (weight of a species / 
its molecular weight) in each molecular weight species 
where the total moles, N, is represented by
CO
N = INj_ 4.IS
i = l
The total weight w of the sample is the sum of the weights 
of each molecular species
CO
w = £ NiMi 4.16
i=l
where M-j. represents the molecular weight of the i*'*1 species
present in the sample. The average molecular weight given
by these methods is known as the number-average molecular
weight M 00
I N-M., - .if-, 1 1
= ="* ^ ----  4‘17
I Ni I Nii=l i=l 1
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We may now write Eq. 4.14 separately for each species i in 
the mixture present. Omitting the limit sign for convenience 
and transposing gives
solute molecule contributes independently to the osmotic 
pressure, and note that c = Ec- . The mixture is then 
described by an unspecified average molecular weight M
where Mn is the number-average molecular weight of the poly­
mer sample.
4.3 Practical Osmometry
A Hewlett-Packard (Model 502) high-speed membrane osmo­
meter was used. It featured a self-balance servo-operated 
mechanism which, by means of an optical detector system, can 
measure the osmotic pressure with a repeat precision of 
i 0.02 cm. head of solvent over a working range of 20 cm.
The apparatus is shown diagrammatically in Fig. 4.1.
4.18
Summing all i t e r m s  we can replace by tt, since each
4.19
so that M = c/l (c-j/M^ ) as expressed in Eq.4.17. 
Therefore we can write Eq.4-14 as
4.20
4.4 Membrane Conditioning
Cellulose membranes with a diameter of 47 mm were supplied
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by Anderman & Company Ltd. (type RC 51, pore size 0.005 ym) 
in 0.4% aqueous formaldehyde solution. They were first cut 
with a special cutter to 42 mm diameter (in wet condition) 
as quickly as possible, and immediately transferred into a 
30% (v/v) ethanol in water solution and stored to be condi­
tioned later. Conditioning of the membranes was carried out 
by impregnating them for at least four hours in a series of 
solutions in each of the following ethanol-water mixtures 
(v/v): 50, 75, 95, and 100%, respectively. This was followed 
by further conditioning in chloroform-ethanol solutions of 
concentrations (v/v) 5, 25, 50, 75, 95, 100%, respectively.
At this stage membranes were ready for use with chloroform 
solvent.
4.5 Setting up the Osmometer
The osmometer was washed free of previous solvents with 
acetone and dried by filtered nitrogen gas. The reservoir 
was moved to a position a few centimetres lower than the bottom 
of the capillary tube and then filled with chloroform up to 
the mark (see Fig. 4.1J). A pressure was applied gently 
using an aspirator-bulb, on the chloroform in the reservoir 
and as a result the chloroform passed through the Teflon tube, 
the capillary tube, and finally accumulated on the membrane 
clamp. In this way it was found that the air in the system 
was efficiently swept out. Then, while the pressure was 
still applied, the reservoir was moved upwards to a position 
slightly higher (1-2 cm) than the membrane clamp in order to 
prevent air coming back into the system. The chloroform in
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the reservoir was next adjusted to the mark by adding more 
chloroform and some chloroform was also added on to the 
membrane clamp to raise the level 4 mm above it. An air- 
free flooded membrane clamp was maintained during the bubble 
introduction to be described next.
4.6 Bubble Introduction
The reservoir was moved to a position a few centimetres 
lower than the membrane clamp level (Fig. 4.1.8) and a 
bubble of suitable length about 1 cm. was introduced into 
the capillary through a tiny hole in the membrane clamp using 
a special fine syringe needle. Slight suction applied to 
the elevator reservoir helped to drive the bubble down the 
capillary when it should be visible through the viewing window 
(see Fig.4.1.10) ; bubbles with unsuitable length were expelled 
by pressure applied to the reservoir. As soon as a satis­
factory bubble was monitored passing through the capillary 
the syringe needle was removed and the bubble (or group of 
small bubbles) was allowed to continue moving into the trap 
to give one bubble and the aspirator bulb was then removed.
A conditioned membrane was then placed on the clamp as 
quickly as possible (keeping both sides wet with chloroform 
all the time) and in such a way to be sure that no air was 
trapped underneath; this was done by dipping in the edge 
first and then gradually allowing it to rest on the clamp. 
After the membrane was in position the upper clamp (see Fig. 
4.1.7)was then replaced, and after tightening down with the 
locking screws, filled with solvent up to the mark on the
6 5
Osmometer
Fig- Schematic diagram for Hewlett-Packard model 502
high speed membrane osmometer.
Elevator
Resrvoir mark
i l lElevator reservoir
Drain stack
PTFE tub
Light control 
area   ?*-
Inlfit stack
Upper membrane 
c l a m p ,
Lower membrane 
clamp
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stack via the solution inlet. At this stage the bubble was 
still in the trap, therefore the servo-system was activated 
by setting the selection switch to "run" position and the 
control switch to "normal". As a result the elevator reser­
voir moved to the top of the elevator and stayed there.
The bubble now started to move up to the control area reaching 
the light beam so as to activate the servo-controlwhich caused 
it to move downwards, and eventually maintained its position 
in the light beam corresponding to zero (osmotic) solvent flow 
through the membrane. The head reading (h) was recorded from 
the digital read-out and the solvent in the upper chamber 
(upper membrane clamp) then replaced by a fresh batch, 
equilibrium was again reached and a new reading was recorded. 
The mean of two consistent readings (± 0.02 cm) was obtained. 
The solvent was then replaced by successively different con­
centrations of a standard polystyrene sample in chloroform.
In each case a mean of two readings as before was recorded 
for at least four different concentrations within the range 
2-20 g. per litre. The standard sample had an revalue of 
96200 as supplied by Waters Associates Ltd. The measured 
value obtained agreed to within 2% of the labelled value. The 
same procedure was adopted for determining the molecular weight 
of each of the cellulose tripropionate samples used through­
out this work.
In the case of CTP, two separate osmotic equilibria were 
obtained for each concentration, and the mean of these two 
heads P^ and P2, was used in calculating the Mn value.
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4.7 Molecular Weight Calculation
Mn = RT/lI
The value of [*r
c+o
c
llwas obtained by plotting values of —
c -hd
(here h is the osmometric head in cm. solvent) against 
concentration c, in g per litre, and extrapolation to zero 
concentration using the method of least-squares. The inter­
cept on the h/c axis is the value of (h/c) c_*0 from which 
(ir/c)c^o can be calcualted. T is the solution temperature 
in degrees kelvin, and R is the appropriate gas constant. 
Normally R is 0.08205 litre-atm. K-  ^mol-'*' but because the 
osmotic head is measured in cm. of solvent, rather than 
atmospheres,the value of R in cm. head' of solventwhose 
density is d, can be expressed as
R = 0.08208 x 1033
d
Here d is the density of the solvent at room temperature, 
which is the temperature inside the elevator box (see Fig.4.1.6) 
The M for each of four CTP samples was measured in this
IX
way and the results shown plotted in Fig. 4.2 from the data 
recorded in Table 4.1.
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DATA FOR OSMOMETRIC DETERMINATION MOLECULAR WEIGHT OF 
CTP SAMPLES AT 2 5°C IN chiPROFORM
TABLE 4.1
Sample
Room 
temp,
°c
concn.
g/dm3
h * nocm.
mean h 
cm. tt/ c M.n
10 20
12 24
2 2
23
2.00 15.030 15.660 0.315
5.00 15.120 17.220 0.420
10200 14.950 20.060 0. 511
15.00 15.010 24.880 0.658
20.00 14.890 29.950 0.753
2.00 17.380 17.820 0.220
5.00 17.380 19.030 0.330
10.00 17.350 21.920 0.457
15.00 17.390 25.960 0.571
2.00 16.880 17.300 0.210
5.00 16.900 18.260 0.272
10.00 16.910 20.855 0.395
15.00 16.870 24.730 0.524
2.00 17.72 18.080 0.180
5.00 17.74 19.010 0.254
10.00 17.70 21.360 0.366
15.00 17.75 24.955 0.480
61235
95729
110179
126129
= reading of osmometer head for solvent
= mean of two readings for two batches of polymer solution
6 9
5  1 0  1 5  2 0oconcentration (g/dm )
' Relationship between reduced osmotic head
and concentration for CTP samples in chloroform at 25° C .
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CHAPTER FIVE 
RESULTS OF DEGRADATION STUDIES FOR CTP
5.1 Statistical Approach to Random Degradation
In homogeneous CTP solutions (rather than heterogeneous) 
bond links are equally vulnerable to attack by cations
(H+ , R-C=0) resulting in chain scission at the oxygen link­
ages. In such a process, where the degradation rate depends 
only on bond concentration in the solution, it is believed 
that the degradation process would follow first-order re­
action kinetics.
A theoretical approach to this process has been made by 
Kuhn.86 He assumed that all bonds are equally susceptible to 
attack and after a certain reaction time, t, a number of bonds, 
S must be broken in a very long polymer chain containing 
(N0-l) links. Here N Q represents the initial number of 
monomeric units in the chain (DP value at t = 0) and the 
degree of degradation or fraction of the bonds broken, a, 
after time t is expressed by
For a random degradation process, the number of bonds 
remaining after time t will be (N0-l)(l-a), and for first 
order kinetics we have
+
a * S/ (N0 - 1) 5.1
(N0 - 1)(1 -a) = (Nq - 1) e"kt 5.2
and the fraction of bonds broken is given by
o = 8/ (N„ - 1) - 1 - e_kt 5.3
Here k represents the first-order rate constant for 
the scission reaction (the possibility of biose residues 
is eliminated).
Before 1935 the method of end-group analysis was used 
to follow the reduction in molecular weight during reaction 
time. Since Staudinger's observed relationship between 
viscosity and molecular weight, the viscosity method was found 
to be much more convenient and has been widely applied 
(after suitable calibration) for molecular weight determina­
tion. The relationship between viscosity and number-average 
molecular weight is given in Equation 3.8.
The number-average chain length, N t, at any stage of the 
degradation reaction must obviously be given by
N t = N q/(S+1) 5.4
Combining Eq. 5.4 and 5.3 to eliminate S leads to
(Nt-1)/Nt = (N0-l/N0) e"kt 5.5
which can be written as
- In (Nt-1)/Nt - - In [(N0-l)/N01 + kt
- In (l-l/NtO = - In (1-1/N0) + kt 5.6
2 3Since we can write ln(l-x) - - x - ^----g— ---- when
1/Nt is very small Eq. 5.6 becomes
w ;  =  k  + k t  5 , 7
Therefore for the degradation reaction a kinetic plot of 
1/N^ versus time should be linear with a slope equal to
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k , and an intercept value equal to 1/NQ.
For the degradation of CTP Eq. 5.7 is expressed in 
terms of molecular weight as follows
330.34 = 330.34 + kt 5 g
Mt M0
or -i- - — - + — — — ■ 5.9
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‘t Mn 330.34
Where MQ and represent the initial number “average
molecular weight and that at time t, respectively. Here 
the molecular weight of a single propionylated glucose unit 
(DS = 3) is 330.34.
5.2 Calculation of Rate Constant.
Kinetic plots throughout this work were found to be 
linear under conditions of low temperature and low catalyst 
concentration. On the other hand, many plots were found 
to be curved and the extent of curvature varied from 
moderate to extreme in certain cases; the reason for this 
will be discussed in a later chapter.
The initial slopes (t = 0) for all the plots were 
calculated by means of a computer program based on a poly­
nomial equation of several orders. Accordingly different 
slope values are expected, one of which was chosen according 
to certain conditions as below :
(1) for linear plots slopes were calculated by least 
squares method (first order)
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(2) for curved plots the slope value must fulfil two 
conditions, first the curve must have a low standard 
deviation value and secondly its intercept must be 
close to the theoretical l/MQvalue.
(3) in cases where dramatic curvature existed and reaction 
was found to finish in a shorter time (about one hour) 
rather than three hours (standard reaction time used 
throughout all this work), less data was fed into the 
program (six to ten points).
Rate constants were calculated using Equation 5.9 and 
plotting 10^/M^ versus time (mins.) from which the rate 
constant was expressed by
k = slope x 330.34 x lO"** min~^
For curved plots the slope was calculated at zero time 
in each case.
Data for degradation runs using perchloric acid, sulphuric 
acid, ferric chloride and antimony pentachloride catalysts 
are shown in Tables 5.1-6,16 for chloroform, Tables 5.17- 
5.32 for tetrachloethane, and Tables 5.33-5.48 for di- 
chloromethane. The corresponding kinetic plots are shown 
in Figs. 5.1-5.16, 5.17-5.32, and 5.33-5.48 for respective 
solvents.
The effect of catalyst concentration on rate constant 
(t=0) in chloroform is shown in Tables and Figs. 5.4a (HCIO^), 
5.8a (H2S04) , 5.12a (FeCl^), and 5.16a (SbCl^). Corresponding 
Tables and Figures for tetrachloroethane are 2.20a (HCIO^)» 
5.24a (H2S04), 5. 28a (FeCl^ , and 5.32a (SbCl5) ; for
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dichloromethane these are 5.36a (HCIO^), 5.40a (F^SO^),
5.44a (FeCl3), and 5.48a (SbCl5) .
Activation energies were calculated from the Arrhenius 
expression in the form
log k = log A - 2.303 RT 5,10
relating the rate constant to the absolute temperature, T,
and the activation energy, E, for the reaction. In the
-1 -1above expression R is the gas constant (8.314 J mol K =
-1 -11.987 cal mol K ), and the frequency factor, A, is a 
constant for the reaction (assumed independent of temperature) 
related to the proportion of the total number of collisions 
between reactant molecules that result in the successful 
formation of products. Values of E, and A were calculated 
by the least squares method from the linear relationships 
between log k and 1/T given by the plotted data. Arrhenius 
plots for chloroform are shown in Figs. 5.4b, 5.8b, 5.12b 
and 5.16b; for tetrachloroethane in Figs. 5.20b, 5.24b,
5.28b, and 5.32b; for dichloromethane 5.36b, 5.40b, 5.44b, 
and 5.48b.
For clarity all the kinetic parameters for each of the 
catalysts are compared in Tables.5.16c (chloroform), 5.32c 
(tetrachloroethane), and 5.48c (dichloromethane).
It should be noted that values of concentrations, 
initial slopes, and rate constants are recorded in all 
the tables to four decimal places; these values are 
readouts from the calculator. For accuracy purposes it is 
more sensible to consider their values rounded up to two
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decimal places.
Least squares treatment was used to determine the slopes 
of the linear plots and the initial slopes at zero reaction 
time (t^O) for curved plots were calculated using a com­
puter program.
The program fits a set of plotted x and y data points 
with a polynomial of the form
Y = a + a 1x + a rt:x2 + a~x3 + --0 1 2  *•>
by the method of least squares. This program will easily
1*1fit data points for polynomials up to the 25 order but 
was used only to the sixth order. It also aided in judging 
the accuracy of the curve fit by calculating a standard 
deviation and listing differences between experimental and 
observed values. The computer program used is shown in 
Appendix 1.
5.3 Experimental
5.3.1 Preparation of Solvent
A weighed amount (65.08g.) of freshly distilled propionic 
anhydride was introduced into a 250 cm volumetric flask 
(Grade A) and the appropriate chlorinated solvent (either 
chloroform, TCE or DCM) added to within a few cm. of its 
graduation mark. The flask was shaken thoroughly, left 
in a thermostated bath at the working temperature for 
15 minutes, and the solution adjusted to the mark by 
adding thermostated chlorinated solvent. This solution 
of 2.00 mol/dm propionic anhydride was kept in the bath
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for later use in catalyst-solvent studies and CTP degradation 
reactions.
5.3.2 Preparation of CTP Solutions
A weighed amount of vacuum-dried CTP (0.400g.) was
3introduced into a 100 cm volumetric flask (Grade A) dis­
solved with sufficient amount of solvent,;as prepared in
5.1 above, and then made up to the mark of the working temp­
erature. This solution was stored in the thermostat as 
stock CTP solution at least six hours before use.
5.3.3 Weighing of Catalyst
The required amount of catalyst was introduced into a 
10 cm dry (Grade A) volumetric flask swept with dry 
nitrogen; primary weighing was made inside the glove-box 
and when more accurately outside the box (on an analytical 
balance to t 1 x 10~^ g.
Preparation of Reaction Mixture
3 35 cm of CTP solution was first pipetted into a 25cm
Erlenmyer flask contained in the thermostated bath. The
catalyst flask was made up to the mark with solvent (see
35.1 above), shaken thoroughly and 5 cm of that solution 
pipetted into theErlenmeyer flask. After shaking, the 
mixture then was sucked through a sintered-glass filter 
(No. 2) and introduced into the viscometer. The time at 
which the catalyst solution was mixed with the CTP solution 
was considered to be the zero time for the CTP degradation
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reaction. The viscometer was the same type and used in the 
same way as described in Chapter 3. Viscosity flow-times 
were then recorded for successive periods of reaction time. 
The limiting viscosity number was evaluated for each reaction 
time by using the Solomon-Gotesman equation (see Chapter 
3.2), and the corresponding molecular weight at each period 
period of time was calculated using the Mark-Houwink equation 
(Eq. 3.8). A profile of each degradation run was obtained 
by plotting 105/Mn against time and the results are shown 
in Tables 5.1-5.48, and in Figs. 5.1-5.48.
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TABLE 3.1
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 20°C
(i) Perchloric acid concn. 0 . 8 7 2 2  x 10"^mol/dm3 
Solvent flow-time 93.00 sec.
Time Flow-time 
(min.) (sec.)
n'sp di/!G
M f n 105/Mn
15 144.60 ' 0.5548 1.1706 81910 1.2209
30 141.80 0.5247 1.1165 77508 1.2902
45 140.00 0.5054 1.0813 74658 1.3394
60 138.20 0.4860 1.0457 71792 1.3929
75 136.40 0.4667 1.0096 68910 1.4512
90 135.30 0.4548 0.9874 67142 1.4894
105 134.50 0.4462 0.9711 65853 1.5185
120 132.40 0.4237 0.9281 62455 1.6012
135 131.00 0.4086 0.8991 60179 1.6617
150 129.60 0.3935 0.8698 57896 1.7272
165 128.90 0.3860 0.8550 56752 1.7621
180 127.70 0.3731 0.8296 54786 1.8253
(ii) Perchloric acid concn. 
Solvent flow-time 103.
1,9881 X 
20 sec.
10"^mol/dm^
15 157.40 0.5252 1.1174 77576 1.2891
30 153.60 0.4884 1.0500 72141 1.3862
45 150.20 0.4554 0.9885 67230 1.4874
60 146.80 0.4225 0.9258 62277 1.6057
75 144.30 0.3983 0.8790 58611 1.7062
90 142.10 0.3769 0.8372 55368 1.8061
105 140.00 0.3566 0.7968 52261 1.9135
120 138.10 0.3382 0.7598 49439 2.0227
135 136.60 0.3236 0.7303 47206 2.1184
150 134.90 0.3072 0.6966 44670 2.2386
165 133.80 0.2965 0.6746 43027 2.3241
180 132.60 0.2849 0.6504 41233 2.4253
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Table 5 , 1  continued
(iii) Perchloric acid concn. 2 ,9307 x 10"^mol/dm^
Solvent flow- time 93.00 sec.
Time
min.
Flow-time
sec. ^sp
W *
dl/g
Mn t 105/Mn
15 139.50 0.5000 1.0714 73863 1.3539
30 134.40 0.4452 0.9691 65691 1.5223
45 130.10 0.3989 0.8803 58712 1.7032
60 126.80 0.3634 0.8104 53308 1.8759
75 123.80 0.3312 0.7456 48365 2.0676
90 122.00 0.3118 0.7062 45388 2.2032
105 120.10 0.2914 0.6640 42238 2.3675
120 118.40 0.2731 0.6258 39415 2.5371
135 116.80 0.2559 0.5895 36756 2.7206
150 115.50 0.2419 0.5597 34596 2.8905
165 114.40 0.2301 0.5343 32768 3.0518
180 113.50 0.2204 0.5134 31273 3.1976
(iv) Perchloric acid concn 3, 
Solvent flow-time 103.20
9^25 x 10" 
sec.
-iiol/dm^
15 149.80 0.4514 0.9812 66649 1.5004
30 143.60 0.3915 0.8657 57581 1.7367
45 138.60 0.3430 0.7696 50183 1.9927
60 134.50 0.3033 0.6886 44073 2.2690
75 131.90 0.2781 0.6363 40185 2.4885
. 90 129.40 0.2539 0.5852 36441 2.7441
105 127.30 0.2335 0.5417 33296 3.0034
120 125.50 0.2161 0.5039 30603 3.2677
135 123.90 0.2006 0.4700 28212 3.5445
150 122.80 0.1899 0.4465 26572 3.7633
165 121.70 0.1793 0.4229 24936 4.0102
180 121.10 0.1734 0.4099 24045 4.1588
* Solomom-Gotesman equation
t K = 7.2795 x 10-5 , a = 0.8561
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Kinetic plots for CTP degradation in chloroform- 
propionic anhydride solution for HCIO^ catalyst concentrations 
at 20 C ,
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TABLE 5 , 2
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/
dm3 PROPIONIC ANHYDRIDE AT 25°C
r -3 3(i) Perchloric acid concn. 0.8373 x 10 mol/dm
Solvent flow-time 88.10 sec.
Time
min.
Flow-time
sec. n.sp dl/gG
M t n 105/Mn
15 133.80 0.5187 1.1056 82474 1.2125
30 131.60 0.4938 1.0599 78534 1.2733
45 129.40 0.4688 1.0136 74566 1.3411
60 127.60 0.4484 0.9751 71298 1.4026
75 125.60 0.4257 0.9319 67645 1.4783
90 124.10 0.4086 0.8991 64892 1.5410
105 122.80 0.3939 0.8704 62497 1.6001
120 121.50 0.3791 0.8415 60093 1.6641
135 120.40 0.3666 0.8168 58053 1.7226
150 119.20 0.3530 0.7896 55822 1.7914
165 118.10 0.3405 0.7645 53771 1.8597
180 117.10 0.3292 0.7416 51903 1.9267
(ii) Perchloric acid concn. 
Solvent flow-time 97.70
1.74^5 x 
sec.
10 ^mol/dm^
15 144.10 0.4749 1.0250 75544 1.3237
30 139.90 0.4319 0.9439 68658 1.4565
45 135.40 0.3859 0.8547 61195 1.6341
60 131.50 0.3460 0.7755 54664 1.8293
75 129.00 0.3204 0.7236 50452 1.9821
90 126.30 0.2927 0.6668 45884 2.1794
105 124.50 0.2743 0.6283 42831 2.3348
120 122.40 0.2528 0.5829 39263 2.5469
135 121.30 0.2416 0.5589 37393 2.6743
150 119.90 0.2272 0.5281 35013 2.8700
165 118.90 0.2170 0.5059 33313 3.0018
180 117.60 0.2037 0.4768 31106 3.2148
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Table 5.2 continued
(iii) Perchloric acid concn. . 
Solvent flow-time 88.10
3.1052 x 10“ 
sec.
3mol/dm3
Time
min.
Flow-time
sec. nsp di/!G v .
105/Mn
15 126.90 0.4404 0.9601 70022 1.4281
30 120.40 0.3666 0.8168 58053 1.7226
45 115.90 0.3156 0.7138 49657 2.0138
60 112.30 0.2747 0.6291 42893 2.3314
75 109.90 0.2474 0.5715 38371 2.6061
90 107.90 0.2247 0.5227 34601 2.8901
105 106.10 0.2043 0.4782 31210 3.2041
120 104.60 0.1873 0.4407 28390 3.5224
135 103.50 0.1748 0.4129 26327 3.7984
150 102.50 0.1635 0.3875 24457 4.0889
165 101.60 0.1532 0.3645 22779 4.3901
180 100.80 0.1442 0.3439 21292 4.6965
(iv) Perchloric acid concn. ^ .0821 x 10“3mol/dm3
Solvent flow-time 97.70 sec „
15 137.70 0.4094 0.9006 65020 1.5380
30 129.80 0.3286 0.7403 51802 1.9304
45 124.40 0.2733 0.6262 42661 2.3441
60 120.80 0.2364 0.5479 36543 2.7365
75 118.30 0.2108 0.4925 32294 3.0965
90 116.00 0.1873 0.4408 28393 3.5219
105 114.10 0.1679 0.3974 25183 3.9710
120 113.00 0.1566 0.3721 23331 4.2861
135 111.70 0.1433 0.3419 21152 4.7277
150 110.70 0.1331 0.3185 19484 5.1324
165 109.90 0.1249 0.2997 18156 5.5079
180 109.10 0.1167 0.2808 16834 5.9404
* Solomon-Gotesman equation
f K = 6,3576 x 10~5 , a - 0. 8625
lO
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TABLE 5.3
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/
dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Perchloric acid concn. 0,8025 x 10  ^
Solvent flow-time 92.30 sec.
0
mol/dm
Time Flow-time ti Hn]Qr* 
. min. sec. sp dl/gb
M t n 105/Mn
15 135.40 0.4670 1.0102 81358 1.2291
30 130.50 0.4139 0.9092 72095 1.3871
45 127.10 0.3770 0.8373 65588 1.5247
60 124.00 0.3434 0.7704 59605 1.6777
75 122.00 0.3218 0.7265 55721 1.7946
90 120.40 0.3044 0.6910 52603 1.9010
105 119.00 0.2893 0.6596 49868 2.0053
120 117.50 0.2730 0.6256 46930 2.1308
135 116.00 0.2568 0.5913 43987 2.2734
150 114.80 0.2438 0.5636 41630 2.4021
165 113.60 0.2308 0.5357 39271 2.5464
180 112.60 0.2199 0.5123 37305 2.6806
(ii) Perchloric acid concn. 
Solvent flow-time 92.30
1.8143 x 
sec.
10-3 mol/dm3
15 132.10 0.4312 0.9425 75135 1.3309
30 125.90 0.3640 0.8116 63278 1.5803
45 121.70 0.3185 0.7199 55137 1.8137
60 117.30 0.2709 0.6211 46538 2 .1A88
75 114.30 0.2384 0.5520 40648 2.4602
90 112.50 0.2189 0.5099 37109 2.6948
105 110.80 0.2004 0.4697 33767 2.9615
120 109.20 0.1831 0.4314 30626 3.2652
135 108.20 0.1723 0.4073 28666 3.4884
150 107.10 0.1603 0.3805 26515 3.7715
165 106.10 0.1495 0.3560 24565 4.0709
180 105.40 0.1419 0.3388 23203 4.3097
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Table 5.3 continued
(iii) Perchloric acid concn. 2.8609 x 10  ^ mol/dm^ 
Solvent flow-time 92.30 sec.
Time
min.
Flow-time
sec. nsp ( H -1 cr>*d i / r
Mn 105/Mn
15 127.90 0.3857 0.8544 67125 1.4898
30 122.00 0.3218 0.7265 55721 1.7946
45 116.70 0.2644 0.6074 45361 2.2045
60 113.90 0.2340 0.5427 39861 2.5087
75 111.50 0.2080 0.4863 3514 3- 2.8455
90 109.50 0.1863 0.4386 31214 3.2037
105 108.30 0.1733 0.4097 28862 3.4648
120 107.00 0.1593 0.3781 26320 3.7994
135 105.80 0.1463 0.3487 23981 4.1700
150 104.90 0.1365 0.3264 22233 4.4977
165 103.90 0.1257 0.3016 20300 4.9262
180 103.00 0.1159 0.2790 18568 5.3855
(iv) Perchloric acid concn. 
Solvent flow-time 83.85
4.1867 x 10" 
sec.
■^mol/dm^
15 112.60 0.3429 0.7693 59503 1.6806
30 105.00 0.2522 0.5817 43165 2.3167
45 101.30 0.2081 0.4865 35159 2.8442
. 60 98.50 . 0.1747 0.4128 29109 3.4353
75 96.70 0.1532 0.3645 25237 3.9625
90 95.20 0.1354 0.3238 22028 4.5398
105 94.20 0.1234 0.2964 19901 5.0249
120 93.40 0.1139 0.2743 18209 5.4919
135 92.40 0.1020 0.2465 16107 6.2083
150 91.90 0.0960 0.2326 15064 6.6385
165 91.30 0.0888 0.2157 13818 7.2368
180 90.80 0.0829 0.2016 12787 7.8204
* Solomon-Gotesman equation, 
f K = 5.3507 x 10“5 , a - 0.8708
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TABLE 5. k
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/
dm3 PROPIONIC ANHYDRIDE AT 40°C
(i) Perchloric acid concn. 0,9769 x 10 mol/dm 
Solvent flow-time 84.60 sec.
Time
min.
Flow-time
sec. nsp
Cn3qr*
dl/lG
M f n 10S/Mn
15 118.20 0.3972 0.8768 80338 1.2447
30 113.00 0.3357 0.7548 67745 1.4761
45 109.30 0.2920 0.6652 58673 1.7044
60 106.50 0.2589 0.5958 51760 1.9320
75 104.40 0.2340 0.5428 46555 2.1480
90 102.80 0.2151 0.5018 42584 2.3483
105 101.20 0.1962 0.4604 38610 2.5900
120 100.20 0.1844 0.4343 36127 2.7680
135 98.90 0.1690 0.4000 32903 3.0392
150 98.20 0.1608 0.3815 31170 3.2082
165 97.50 0.1525 0.3628 26972 3.3968
180 96.80 0.1442 0.3440 27711 3.6086
(ii) Perchloric acid concn. 
Solvent flow-time 84.6
1.779^ x 
sec.
10~3mol/dm3
.15 111.00 * 0.3121 0.7066 62852 1.5910
30 103.80 0.2270 0.5275 45066 2.2189
45 100.10 0.1832 0.4317 35879 2.7872
60 97.70 0.1548 0.3681 29933 3.3408
75 95.60 0.1300 0.3116 24760 4.0388
90 94.40 0.1158 0.2788 21823 4.5823
105 93.30 0.1028 0.2486 19150 5.2219
120 92.60 0.0946 0.2292 17^60 5.7273
135 91.90 0.0863 0.2097 15781 6.3367
150 91.20 0.0780 0.1901 14114 7.0850
165 90.80 0.0733 0.1788 13168 7.5939
180 90.10 0.0650 0.1591 11526 8.6760
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Table 5.^ continued
(iii) Perchloric acid concn^ 
Solvent flow-time 76.40
3.0005 x 
sec.
10“3mol/dm3
Time
min.
Flow-time n_spsec. r
C n V *dl/g
M t 10S/M n n
15 96.60 0.2644 0.6075 52918 1.8897
30 90.90 0.1898 0.4462 37260 2.6839
45 87.50 0.1453 0.3464 27937 3.5795
60 85.70 0.1217 0.2925 23040 4.3403
75 84.30 0.1034 0.2499 19266 5.1905
90 83.30 0.0903 0.2192 16597 6.0254
105 82.60 0.0812 0.1975 14745 6.7821
120 81.90 0.0720 0.1758 12910 7.7460
135 81.50 0.0668 0.1633 11870 8.4243
150 81.20 0.0628 0.1538 11096 9.0126
165 80.90 0.0589 0.1444 10325 9.6850
180 80.70 0.0563 0.1381 9814 10,1892
(iv) Perchloric acid concn. 3.9774: x l O ^ m o l / d m 3 
Solvent flow-time 76.40 sec.
15 93.20 0.2199 0.5122 43584 2.2944
30 87.20 0.1414 0.3375 27118 3.6876
45 84.40 0.1047 0.2530 19534 5.1194
60 83.00 0.0864 0.2099 15801 6.3287
75 81.90 0.0720 0.1758 12910 7.7460
• 90 81.10 0.0615 0.0615 10838 9.2266
105 80.60 0.0550 0.1350 9560 10.4605
120 80.20 0.0497 0.1223 8548 11.6990
135 79.80 0.0445 0.1096 7547 13.2509
150 79.60 0.0419 0.1033 7051 14.1831
165 79.40 0.0393 0.0969 6558 15.2486
180 79.20 0.0366 0.0905 6069 16.4774
* Solomon-GotGjSinan equation, 
t K = 4.2756 x 10“5 , a - 0.8791
 !____ |____ i_____j____ |_____I____ |_____|_____i
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EFFECT OF PERCHLORID ACID CONCENTRATION ON CTP 
DEGRADATION IN CHLOROFORM-PROPIONIC ANHYDRIDE 
SOLUTION
TABLE 5,4a
E X P E1 R I M E N T A I C A L C U L A T E D *
—■ IConcn,/10 
mol/dm^
Initial slope 
/ lO-3 105k/min_1
C oncn-/ 10”3 
mol dm3 lO^k/min” "*
20°C
0.8722 3.4690 1.1460 1.0 1.1317
1.9887 7.0434 2.3267 2.0 2.6314
2.9307 11.9813 3.9579 3.0 4.1311
3.9425 17.2420 5.6957 4.0 5.6308
25°C
0.8373 4.3220 1.4277 1.0 1.9338
1.7445 11.5581 3.8181 2.0 4.1418
3.1052 19.6601 6.4945 3.0 6.3499
4.0821 26.4372 8.7333 4.0 8.5580
30°C
0.8025 8.5850 2.8360 1.0 3.3603
1.8143 18.5405 6.1247 2.0 5.9763
2.8609 21.5330 7.1132 3.0 8.5923
4.1867 36.8874 12.1854 4.0 11.2083
35°C
0.9769 14.9980 4.9545 1.0 5.5037
1.7794 38.1391 12.5989 2.0 12.3955
3.0005 50.2829 16.6105 3.0 19.2875
3.9774 82.8546 27.3703 4.0 26.1793
* calculated by least squares method
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TABLE 5.3
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 20°C
(i) Sulphuric acid concn. 0 
Solvent flow-time 93.00
.938 x 1CT2 
sec.
mol/dm3
Time
min.
Flow-time ri _ 
sec. SP
lT)l*
dl/g
Mnt 105/Mn
15 142.00 0.5269 '1.1204 77824 1.2850
30 139.00 0.4946 1.0615 73067 1.3686
45 135.40 0.4559 0.9894 67303 1.4858
60 133.00 0.4301 0.9404 63427 1.5766
75 131.30 0.4118 0.9053 60667 1.6483
90 129.30 0.3903 0.8635 57406 1.7420
105 127.60 0.3720 0.8275 54622 1.8308
120 126.50 0.3602 0.8040 52815 1.8934
135 125.70 0.3516 0.7868 51499 1.9418
150 124.60 0.3398 0.7630 49686 2.0126
165 123.40 0.3269 0.7369 47704 2.0962
180 122.80 0.3204 0.7238 • 46716 2.1408
(ii) Sulphuric acid concn. 
Solvent flow-time 103.
1.890X 10“2 
20 sec.
mol/dm3
15 154.20 0.4942 1.0607 73003 1.3698
30 147.30 0.4273 0.9351 63008 1.5871
45 142.20 0.3779 0.8391 55516 1.8013
60 139.00 0.3469 0.7774 50777 1.9694
75 136.00 0.3178 0,7185 46312 2.1593
90 133.60 0.2946 0.6706 42728 2.3404
105 131.40 0.2733 0.6261 39437 2.5357
120 130.50 0.2645 0.6077 38089 2.6254
135 129.10 0.2510 0.5790 35992 2.7784
150 128.00 0.2403 0.5562 34344 2.9117
165 126.90 0.2297 0.5333 32697 3.0584
180 126.20 0.2229 0.5186 31650 3.1596
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Table 5.5 continued
(iii) Sulphuric acid concn. 
Solvent flow-time 93.
2.81 x 10"2 
00 sec.
mol/dm^
Time
min.
Flow-time 
sec. nsp Cnlor*dl/g
Mn t 105/Mn
15 136.30 0.4656 1.0076 68750 1.4546
30 128.90 0.3860 0.8550 56752 1.7621
45 124.20 0.3355 0.7544 49026 2.0397
60 120.10 0.2914 0.6640 42238 2.3675
75 117.70 0.2656 0.6100 38252 2.6142
90 115.50 0.2419 0.5597 34596 2.8905
105 113.80 0.2237 0.5203 31771 3.1475
120 112.60 0.2108 0.4923 29780 3.3580
135 111.40 0.1978 0.4640 27792 3.5982
150 110.40 0.1871 0.4403 26138 3.8258
165 109.60 0.1785 0.4212 24818 4.0293
180 109.20 0.1742 0.4116 24159 4.1392
(iv) Sulphuric acid concn. 4.02 x 10"2 mol/dm
Solvent flow- time 103. 2 sec.
15 146.20 0.4167 0.9146 61399 1.6287
30 137.90 0.3362 0.7559 49142 2.0349
45 131.70 0.2762 0.6322 39886 2.5072
60 128.20 0.2422 0.5604 34644 2.8865
75 125.60 0.2171 0.5060 30752 3.2518
90 123.40 0.1957 0.4594 27467 3.6408
105 121.50 0.1773 0.4186 24639 4.0586
120 120.50 0.1676 0.3969 23156 4.3185
135 119.20 0.1550 0.3686 21235 4.7091
150 118.20 0.1453 0.3466 19764 5.0597
165 117.70 0.1405 0.3355 19031 5.2546
180 116.70 0.1308 0.3134 17570 5.6914
* Solomon-Gotesinan equation.
t K == 7.2795 x 10“5 > « = 0.8561
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TABLE 5.6
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 25°C
(i) Sulphuric acid concn. 1.00 x 10”2 mol/dm3
* Solvent.flow-time 44.60 sec.
Time
min.
Flow-time
sec. sp
1*1 * 
dl/g
Mnt 105/M ' n
15 69.10 0.5493 1.1608 87260 1.1460
30 66.71 0.4957 1.0636 78848 1.2683
45 64.68 0.4502 0.9787 71598 1.3967
60 63.05 0.4137 0.9089 65710 1.5218
75 61.71 0.3836 0.8503 60830 1.6439
90 60.95 0.3666 0.8167 58047 1.7227
105 60.06 0.3466 0.7768 54776 1.8256
120 59.40 0.3318 0.7470 52342 1.9105
135 58.73 0.3168 0.7164 49866 2.0054
150 58.06 0.3018 0.6855 47383 2.1104
165 57.44 0.2879 0.6567 45082 2.2182
180 57.05 0.2791 0.6385 43633 2.2918
-2 3(ii) Sulphuric acid concn. 1.950x 10 mol/dm
Solvent flow- time 97.70 sec.
15 139.80 0.4309 0.9420 68493 1.4600
30 133.10 0.3623 0.8082 57350 1.7437
45 128.40 0.3142 0.7111 49438 2.0227
60 125.20 0.2815 0.6433 44019 2.2718
75 122.90 0.2579 0.5938 40113 2.4930
90 121.70 0.2456 0.5676 38073 2.6265
105 119.40 0.2221 0.5170 34163 2.9271
120 118.40 0.2119 0.4947 32464 3.0803
135 117.50 0.2027 0.4746 30936 3.2325
150 116.60 0.1934 0.4543 29410 3.4002
165 115.90 0.1863 0.4385 28224 3.5431
180 115.30 0.1801 0.4248 27209 3.6753
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Table 5.6 continued
(iii) Sulphuric acid concn . 3.090X 10-2 3mol/dm
Solvent flow- time 88 .10 sec.
Time
min.
Flow-time
sec. nsp
C n J *
dl/U
Mnt 105/Mn
15 122.70 0.3927 0.8682 62312 1.6048
30 115.20 0.3076 0.6976 48344 2.0685
45 110.70 0.2565 0.5908 39879 2.5076
60 107.60 0.2213 0.5153 34035 2.9381
75 105.60 0.1986 0.4658 30269 3.3037
90 104.20 0.1827 0.4306 27639 3.6180
105 103.10 0.1703 0.4028 25578 3.9096
120 102.30 0.1612 0.3824 24083 4.1522
135 101.50 0.1521 0.3619 22593 4.4262
150 100.90 0.1453 0.3464 21478 4.6560
165 100.30 0.1385 0.3309 20366 4.9101
180 99.90 0.1339 0.3205 19627 5.0951
Civ) Sulphuric acid concn. 4. 00 x 10"2 mol/dm3
Solvent flow-time 88.10 sec.
15 120.80 0.3712 0.8258 58796 1.7008
30 112.90 0.2815 0.6434 44023 2.2716
45 108.60 0.2327 0.5399 35920 2.7839
60 105.70 0.1998 0,4683 30457 3.2833
75 103.50 0.1748 0.4129 26327 3.7984
90 102.30 0.1612 0.3824 24083 4.1522
105 101.20 0.1487 0.3542 22035 4.5383
120 100.20 0.1373 0.3283 20181 4.9551
135 99.50 0.1294 0.3101 18889 5.2940
150 98.80 0.1215 0.2918 17603 5.6808
165 98.40 0.1169 0.2813 16871 5.9274
180 98.10 0.1135 0.2734 16323 6.1263
* Solomon-Gotesman equation
t K =• 6.356 x 10 5 ,  a = 8 6 2 5
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TABLE 5.7
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 30°C
(i) Sulphuric acid concn. 0. 
Solvent flow-time 92.30
970x 10'2 
sec.
mol/dm3
Time
min.
Flow-time
sec. ^sp
Cn]qr*
dl/g V 10S/Mn
15 133.70 0.4485 0.9755 78161 1.2794
30 129.10 0.3987 0.8798 69424 1.4404
45 125.40 0.3586 0.8008 62313 1.6048
60 123.40 0.3369 0.7573 58441 1.7111
75 122.20 0.3239 0.7309 56110 1.7822
90 121.30 0.3142 0.7110 54358 1.8396
105 119.90 0.2990 0.6798 51627 1.9370
120 119.10 0.2904 0.6618 50063 1.9975
135 118.40 0.2828 0.6460 48693 2.0537
150 118.00 0.2784 0.6370 47910 2.0872
165 117.70 0.2752 0.6302 47322 2.1132
180 117.30 0.2709 0.6211 46538 2.1488
(ii) Sulphuric acid concn. 1 
Solvent flow-time 92.30
.790x 10" 
sec.
2 mol/dm3
15 125.90 0.3640 0.8116 63278 1.5803
30 121.60 0.3174 0.7177 54943 1.8201
45 118.70 0.2860 0.6528 49281 2.0292
60 117.00 0.2676 0.6142 45950 2.1763
75 115.10 0.2470 0.5706 42220 2.3686
90 113.80 0.2329 0.5404 39665 2.5211
105 112.60 0.2329 0.5404 37305 2.6806
120 111.90 0.2124 0.4958 35929 2.7833
135 111.10 0.2037 0.4768 34357 2.9107
150 110.40 0.1961 0.4602 32981 3.0320
165 110.10 0.1928 0.4530 32392 3.0872
180 109.60 0.1874 0.4410 31411 3.1836
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Table 5.7 continued
(iii) Sulphuric acid concn. 
Solvent flow-time 83.
3.O60X 10"2 
85 sec.
mol/dm3
Time
min.
Flow-time
sec. nsp C nlcr*dl/g
Mnt 105/Mn
15 111.10 0.3250 0.7331 56297 1.7763
30 104.60 0.2475 0.5715 42 300 2.3640
45 101.30 0.2081 0.4865 35159 2.8442
60 98.80 0.1783 0.4207 29756 3.3606
75 97.30 0.1604 0.3807 26526 3.7699
90 96.30 0.1485 0.3537 24379 4.1019
105 95.60 0.1401 0.3347 22881 4.3704
120 94.90 0.1318 0.3156 21388 4.6754
135 94.40 0.1258 0.3019 20325 4.9200
150 94.00 0.1210 0.2909 19477 5.1343
165 93.60 0.1163 0.2799 18631 5.3675
180 93.30 0.1127 0.2716 17998 5.5563
(iv) Sulphuric acid concn. 3.940 x 10”2 mol/dm3
Solvent flow-time 83.85
15 107.60 0.2832 0.6470 48778 2.0501
30 101.30 0.2081 0.4865 35159 2.8442
45 98.30 0.1723 0.4074 28678 3.4870
60 96.10 0.1461 0.3483 23951 4.1752
75 95.10 0.1342 0.3211 21814 4.5841
90 94.00 0.1210 0.2909 19477 5.1343
105 93.30 0.1127 0.2716 17998 5.5563
120 92.70 0.1055 0.2549 16736 5.9752
135 92.40 0.1020 0.2465 16107 6.2083
150 92.10 0.0984 0.2382 15481 6.4597
165 91.90 0.0960 0.2326 15064 6.6385
180 91.80 0.0948 0.2298 14856 6.7315
* Soloraon-Gotesman equation 
t K - 5.3507 x 10'5 , a = 0.8708
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TABLE 5.8
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 40°C
(i) Sulphuric acid concn. 0. 
Solvent flow-time 84.60
9580X 10“2 
sec.
3mol/dm
Time
min.
Flow-time 
sec. nsp
Cnl * 
dl/g
M f n 10 5 /Mn
15 115.10 0.3605 0.8046 72855 1.3726
30 109.90 0.2991 0.6799 60150 1.6625
45 108.60 0.2837 0.6479 56948 1.7560
60 107.90 0.2754 0.6306 55221 1.8109
75 107.50 0.2707 0.6207 54233 1.8439
90 107.30 0.2683 0.6157 53739 1.8609
105 107.20 0.2671 0.6132 53491 1.8695
120 107.10 0.2660 0.6107 53244 1.8781
135 107.20 0,2671 0.6132 53491 1.8695
150 107.10 0.2667 0.6107 53244 1.8781
165 107.20 0.2671 0.6132 53491 1.8695
180 107.20 0.2671 0.6132 53491 1.8695
(ii) Sulphuric acid concn. 1 
Solvent flow-time 76.40
.86ox 10“2 
sec.
mol/dm3
15 96.50 0.2631 0.5047 52644 1.8996
30 93.10 0.2186 0.5059 43310 2.3090
45 91.50 0.1976 0.4636 38909 2.5701
60 90.80 0.1885 0.4433 36985 2.7038
75 90.60 0.1859 0.4376 36435 2.7446
90 90.30 0.1819 0.4288 35611 2.8081
105 90.20 0.1806 0.4259 35336 2.8300
120 90.10 0.1793 0.4230 35061 2.8522
135 90.00 0.1780 0.4201 34787 2.8747
150 90.10 0.1793 0.4230 35061 2.8522
165 90.00 0.1780 0.4201 34787 2.8747
180 90.00 0.1780 0.4201 34787 2.8747
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Table 5*8 continued.
(iii) Sulphuric acid concn. 3 
Solvent flow-time 84.60
.2 60x 10“2 
sec.
mol/dm3
Time
min.
Flow-time 
sec. C^ P
M t n 105/Mn
15 101.20 0.1962 0.4604 38610 2.5900
30 97.40 0.1513 0.3601 29192 3.4256
45 95.70 0.1312 0.3143 25005 3.9992
60 95.00 0.1229 0.2952 23289 4.2938
75 94.60 0.1182 0.2843 22311 4.4820
90 94.30 0.1147 0.2761 21579 4.6340
105 94.00 0.1111 0.2679 20849 4.7964
120 93.90 0.1099 0.2651 20606 4.8530
135 93.80 0.1087 0.2624 20363 4.9110
150 93.80 0.1087 0.2624 20363 4.9110
165 93.80 0.1087 0.2624 20363 4.9110
180 93.70 0.1076 0.2596 20120 4.9702
(iv) Sulphuric acid concn. 4. 550x 10"2 mol/dm3
Solvent flow-time 76.40 sec.
15 89.00 0.1649 0.3908 32042 3.1209
30 85.80 0.1230 0.2955 23311 4.2898
45 84. 70 0.1086 0.2621 20340 4.9163
60 84.00 0.0995 0.2407 18463 5.4164
75 83.60 0.0942 0.2284 17395 5.7489
90 83.40 0.0916 0.2223 16862 5.9304
105 83.20 0.0890 0.2161 16331 6.1233
120 83.10 0.0877 0.2130 16066 6.2244
135 83.00 0.0864 0.2099 15801 6.3287
150 83.10 0.0877 0.2130 16066 6.2244
165 83.10 0.0877 0.2130 16066 6.2244
180 83.00 0.0864 0.2099 15801 6.3287
* Solomon-Gotesman equation
t K = 4.2756 x 10“5 , a = 0..8791
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EFFECT OF SULPHURIC ACID CONCENTRATION ON CTP 
DEGRADATION IN CHLOROFORM PROPIONIC ANHYDRIDE 
SOLUTION
TABLE 5.8 a
E X P E R I M E N T A L C A L C U L A T E D *
roncn./ 10" 2 
mol dm^
Initial slope 
/10-3 lO^k/min""1
C oncn- / 10“  ^
mol dm^
r _LO^k/min
20°C
•
0.938 7.421 2.4515 1.00 2.6292
1.890 15.570 5.1434 2.00 5.0541
2.810 19.559 6.4611 3.00 7.4790
4.020 30.819 10.1808 4.00 9.9039
2 5°C
1.00 10.620 3.5082 1.00 3.7088
1.95 20.374 6.7304 2.00 7.0550
3.09 35.472 11.7179 3.00 10.4012
4.00 39.625 13.0898 4.00 13.7475
30°C
0.970 15.374 5.0787 1.00 4.4673
1.790 21.400 7.0693 2.00 9.1711
3.060 43.407 14.3391 3.00 13.8749
3.940 55.930 18.476 4.00 18.5787
40°C
0.958 33.232 10.9779 1.00 9.6994
1.860 48.300 15.9555 2.00 18.2523
3.260 81.011 26.7613 3.00 26.8052
4.550 126.510 41.7914 4.00 35.3580
* calculated by least squares method
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TABLE 5.9
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 20°C
(i) Ferric chloride concn. 4 
Solvent flow-time 47.07
.210 x 10”2 
sec.
mol/dm3
Time
min.
Flow-time
sec.
r)sp W *dl/g
Mnt 105/Mn
15 79.12 0.6809 1.3874 99890 1.0011
30 78.29 0.6633 1.3579 97420 1.0265
45 77.89 0.6548 1.3437 96224 1.0392
60 77.57 0.6480 1.3322 95265 1.0497
75 77.20 0.6401 1.3189 94153 1.0621
90 76.81 0.6318 1.3048 92978 1.0755
105 76.55 0.6263 1.2953 92193 1.0847
120 76.25 0.6199 1.2844 91286 1.0955
135 76.01 0.6148 1.2756 90558 1.1043
150 75.64 0.6070 1.2621 89434 1.1181
165 75.26 0.5989 1.2481; 88277 1.1328
180 74.97 0.5927 1.2374 87392 1.1443
(ii) Ferric chloride 
Solvent flow-
concn.
47.07
9.5O0X 10” 
sec.
2 mol/dm3
15 78.99 0.6781 1.3828 99504 1.0050
30 77.53 0.6471 1.3308 95145 1.0510
45 76.20 0.6189 1.2826 91134 1.0973
60 75.01 0.5936 1.2388 87514 1.1427
75 74.00 0.5721 1.2012 84417 1.1846
90 72.78 0.5462 1.1552 80652 1.2399
105 71.88 0.5271 1.1208 77851 1.2845
120 71.19 0.5124 1.0942 75698 1.3210
135 70.24 0.4922 1.0572 72717 1.3752
150 69.61 0.4789 1.0324 70726 1.4139
165 69.05 0.4670 1.0102 68956 1.4502
180 68.78 0.4612 0.9994 68097 1.4685
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Table 5.9 continued
(iii) Ferric chloride concn. 
Solvent flow-time 47.07
14.O10X 10"2 
sec.
mol/dm3
Time 
min. “
Flow-time
sec. nsp
i—i zs 1_1 CO o * M t n 105/M ' n
15 - 78.90 0.6762 1.3796 99236 1.0077
30 76.00 0.6146 1.2753 90528 1.1046
45 74.37 0.5800 1.2151 85555 1.1688
60 72.63 0.5430 1.1495 80187 1.2471
75 71.20 0.5126 1.0946 75730 1.3205
90 69.81 0.4831 1.0403 71359 1.4014
105 68.60 0.4574 0.9922 67526 1.4809
120 67.53 0.4347 0.9492 64115 1.5597
135 66.50 0.4128 0.9072 60813 1.6444
150 65.74 0.3966 0.8758 58366 1.7133
165 64.92 0.3792 0.8417 55717 1.7948
180 64.20 0.3639 0.8114 53383 1.8733
(iv) _ ?Ferric chloride concn. 22.5l0x 10 mol/dm3
Solvent flow- time 103.20 sec.
15 169.90 0.6463 1.3294 95031 1.0523
30 163.20 0.5814 1.2175 85759 1.1661
45 157.90 0.5300 1.1261 78287 1.2774
60 153.60 0.4884 1.0500 72141 1.3862
• 75 150.10 0.4545 0.9867 67085 1.4907
90 146.50 0.4196 0.9202 61838 1.6171
105 144.00 0.3953 0.8733 58170 1.7191
120 141.80 0.3740 0.8314 54925 1.8207
135 139.80 0.3547 0.7929 51964 1.9244
150 137.90 0.3362 0.7559 49142 2.0349
165 135.80 0.3159 0.7145 46014 2.1733
180 135.00 0.3081 0.6986 44820 2.2312
* Solomon-Gotesraan equation
t K == 7.2795 x 10" , a = 0. 8561
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TABLE 5.10
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 25°C
(i) -2Ferric chloride concn. 4.800x 10 
Solvent flow-time 44.60 sec.
mol/dm3
Time
min.
Flow-time
sec. n. sp £n]qr*dl/g V
105/Mn
15 74.60 0.6359 1.3117 106071 0.9428
30 73.90 0.6570 1.3473 103720 0.9641
45 73.40 0.6457 1.3284 102033 0.9801
60 72.30 0.6211 1.2867 98299 1.0173
75 71.90 0.6121 1.2709 96934 1.0316
90 71.20 0.5964 1.2438 94534 1.0578
105 70,70 0.5852 1.2242 92812 1.0774
120 70.00 0.5695 1.1063 90391 1.1063
135 69.50 0.5583 1.1767 88654 1.1280
150 69.10 0.5493 1.1608 87260 1.1460
165 68.70 0.5404 1.1447 85862 1.1647
180 68.20 0.5291 1.1245 84109 1.1889
(ii) Ferric chloride concn. 9 
Solvent flow-time 44.60
.720x 10“2 
sec.
mol/dm3
15 72.96 0.6359 1.3117 100544 0.9946
30 70.98 0.5915 1.2352 93777 1.0664
45 69.60 0.5605 1.1807 89002 1.1236
60 68.20 0.5291 1.1245 84109 1.1889
75 66.94 0.5009 1.2553 79664 1.2553
90 65.80 0.4753 1.0258 75610 1.3226
105 64.74 0.4516 0.9812 71813 1.3925
120 63.80 0.4305 0.9412 68426 1.4614
135 62.90 0.4103 0.9024 65165 1.5346
150 62.20 0.3946 0.8719 62618 1.5970
165 61.61 0.3814 0.8459 60464 1.6539
180 60.90 0.3655 0.8145 57864 1.7282
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Table 5.10 continued
(iii) Ferric chloride concn. 
Solvent flow-time 45.73
14.880 x 10“ 
sec.
2 mol/dm3
Time
min.
Flow-time
sec. nsp
W *
dl/g M t n 105/Mn
15 73.70 0.6116 1.2701 96862 1.0324
30 70.90 0.5504 1.1627 87428 1.1438
45 68.90 0.5067 1.0837 80575 1.2411
60 67.10 0.4673 1.0108 74330 1.3454
75 65.60 0.4345 0.9488 69072 1.4478
90 64.30 0.4061 0.8942 64479 1.5509
105 63.20 0.3820 0.8472 60568 1.6510
120 62.10 0.3580 0.7995 56635 1.7657
135 61.20 0.3383 0.7600 53404 1.8725
150 60.60 0.3252 0.7334 51244 1.9515
165 60.10 0.3142 0.7111 49440 2.0227
180 59.50 0.3011 0.6841 47271 2.1154
(iv) Ferric chloride concn. 2l.390x 10”2 mol/dm3
Solvent flow-time 45.73 sec.
15 73.20 0.6007 1.2512 95191 1.0505
30 70.10 0.5329 1.1313 84698 1.1807
45 67.90 0.4848 1.0434 77114 1.2968
60 66.00 0.4433 0.9655 70479 1.4189
. 75 64.40 0.4083 0.8984 64834 1.5424
90 63.00 0.3777 0.8386 59854 1.6707
105 61.80 0.3514 0.7864 55560 1.7999
120 60.80 0.3295 0.7423 51964 1.9244
135 59.80 0.3077 0.6976 48356 2.0680
150 59.10 0.2924 0.6660 45824 2.1823
165 58.20 0.2727 0.6249 42562 2.3495
180 57.90 0.2661 0.6111 41473 2.4112
* Solomon-Gotesman equation
t K = 6.3576 x 10~3 , a = 0. 8625
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TABLE 5.11
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 30°C
(i) Ferric chloride concn. 4 
Solvent flow-time 92.30
. 320x lCf2 
sec.
mol/dm3
Time
min.
Flow-time
sec. ^sp Cn]SG*
Mnt 105/M ' n
15 150.00 0.6251 1.2933 108056 0.9254
30 148.00 0.6035 1.2560 104483 0.9571
45 146.20 0.5840 1.2220 101244 0.9877
60 144.50 0.5655 1.1896 98164 1.0187
75 143.20 0.5515 1.1646 95797 1.0439
90 142.00 0.5385 1.1413 93601 1.0684
105 140.50 0.5222 1.1120 90843 1.1008
120 139.40 0.5103 1.0903 88811 1.1260
135 138.60 0.5016 1.0744 87329 1.1451
150 137.20 0.4865 1.0465 84725 1.1803
165 136.40 0.4778 1.0304 83231 1.2015
180 135.60 0.4691 1.0142 81733 1.2235
(iii) Ferric chloride concn. 9.79ox 10 
Solvent flow-time 83.85 sec.
~2 mol/dm3
15 133.10 0.5874 1.2280 101809 0.9822
30 127.50 0.5206 L .1090 90564 1.1042'
45 124.20 0.4812 1.0367 83822 1.1930
60 121.50 0.4490 0.9764 78244 1.2781
75 118.60 0.4144 0.9103 72194 1.3852
90 116.40 0.3882 0.8593 67567 1.4800
105 114.80 0.3691 0.8217 64182 1.5581
120 113.00 0.3476 0.7789 60355 1.6569
135 111.60 0.3309 0.7452 57367 1. 743.2
150 110.50 0.3178 0.7185 55012 1.8178
165 109.50 0.3059 0.6940 52866 1.8916
180 108.50 0.2940 0.6694 50716 1.9717
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Table 5.11 continued
(iii) Ferric chloride concn. 
Solvent flow-time 83.85
14.00 x 10"2 
sec.
mol/dm3
Time
mini
Flow-time
sec.
r)sp [n]qr*dl/g
Mnf 10 5/Mn
15 128.00 0.5265 1.1198 91579 1.0920
30 122.40 0.4597 0.9966 80109 1.2483
45 118.30 0.4109 0.9034 71565 1.3973
60 114.80 0.3691 0.8217 64182 1.5581
75 112.10 0.3369 0.7572 58435 1.7113
90 110.30 0.3154 0.7136 54583 1.8321
105 108.50 0.2940 0.6694 50716 1.9717
120 107.00 0.2761 0.6321 47485 2.1059
135 105.70 0.2606 0.5994 44678 2.2382
150 104.80 0.2499 0.5766 42733 2.3401
165 103.90 0.2391 0.5537 40785 2.4518
180 103.30 0.2320 0.3949 39488 2.5324
(iv) Ferric chloride concn. 23. OlOx 10“2 mol/dm3
Solvent flow- time 92.30 sec.
15 140.00 0.5168 1.1021 89921 1.1121
30 132.80 0.4388 0.9570 76461 1.3079
45 127.30 0.3792 0.8416 65973 1.5158
60 123.60 0.3391 0.7617 58829 1.6998
75 120.80 0.3088 0.6999 53384 1.8732
90 118.50 0.2839 0.6483 48889 2.0454
105 117.10 0.2687 0.6165 46146 2.1670
120 116.00 0,2568 0.5913 43987 2.2734
135 115.20 0.2481 0.5729 42416 2.3576
150 114.60 0.2416 0.5590 41237 2.4250
165 114.10 0.2362 0.5474 40254 2.4842
180 113.50 0.2297 0.5334 39075 2.5592
* Solomon-Gotesman equation
+ K « 5.3507 x 10 , a = 0.8708
10 
/
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Fig .  5*11 Kinetic plots for CTP degradation in 
chloroform - propionic anhydride solution for ferric chloride
Ocatalyst concentration at 30 C ,
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TABLE 5.12
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 40°C
(i) Ferric chloride concn. 4 
Solvent flow-time 83.52
.810 x 10‘2 mol/dm3 
sec.
Time
min.
Flow-time
sec. ^sp
CnUqp*
dl/g
M f n 105/Mn
15 124.10 0.4859 1.0454 98125 1.0191
30 120.30 0.4404 0.9600 89063 1.1228
45 116.00 0.3889 0.8607 78655 1.2714
60 112.90 0.3518 0.7871 71058 1.4073
75 . 110.80 0.3266 0.7364 65871 1.5181
90 108.50 0.2991 0.6799 60157 1.6623
105 107.20 0.2835 0.6476 56914 1.7570
120 106.10 0.2704 0.6200 54164 1.8463
135 105.20 0.2596 0.5973 51909 1.9264
150 104.60 0.2524 0.5820 50405 1.9839
165 104.10 0.2464 0.5693 49150 2.0346
180 103.60 0.2404 0.5565 47894 2.0879
(ii) Ferric chloride concn. 
Solvent flow-time 83.52
9.850X 10"2 
sec.
mo 1/dm 3
15 118.80 0.4224 0.9257 85450 1.1703
30 114.10 0.3661 0.8158 74007 1.3512
45 110.50 0.3230 0.7291 65128 1.5354
60 107.60 0.2883 0.6576 57913 1.7267
75 105.20 0.2596 0.5973 51909 1.9264
90 104.10 0.2464 0.5693 49150 2.0346
105 102.50 0.2273 0.5281 45130 2.2158
120 101.40 0.2141 0.4996 42363 2.3605
135 100.80 0.2069 0.4839 40854 2.4478
150 99.78 0.1947 0.4570 38288 2.6118
165 99.50 0.1913 0.4497 37583 2.6608
180 98.97 0.1850 0.4356 36251 2.7586
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Table 5.12 continued
(iii) Ferric chloride concn. 14.760x 10" 
Solvent flow-time 75.61 sec.
2 mol/dm3
Time
min.
Flow-time
sec. nsp ^ S G *
Mnt 105/M„n
15 105.30 0.3927 0.8681 79425 1.2590
30 98.50 0.3027 0.6875 60916 1.6416
45 94.73 0.2529 0.5830 50506 1.9800
60 92.67 0.2256 0.5246 44790 2.2327
75 91.14 0.2054 0.4806 40538 2.4668
90 90.13 0.1920 0.4512 37732 2.6503
105 89.44 0.1829 0.4310 35815 2.7921
120 88.81 0.1746 0.4124 34067 2.9354
135 88.60 0.1718 0.4062 33484 2.9865
150 88.30 0.1678 0.3974 32653 3.0626
165 88.20 0.1665 0.3944 32375 3.0888
180 88.00 0.1639 0.3884 31821 3.1426
(iv) Ferric chloride concn. 21 .730x 10-2 mol/dm3
Solvent flow-time 75.61 sec.
15 101.80 0.3464 0.7763 69949 1.4296
30 95.30 0.2604 0.5990 52084 1.9200
45 92.90 0.2287 0.5312 45428 2.2013
60 91.50 0.2102 Oo 4910 41539 2.4074
■ 75 90.70 0.1996 0.4678 39316 2.5435
90 90.30 0.1943 0.4562 38204 2.6175
105 90.00 0.1903 0.4474 37371 2.6759
120 89.71 0.1865 0.4389 36565 2.7348
135 89.74 0.1869 0.4398 36648 2.7286
150 89.73 0.1867 0.4395 36621 2.7307
165 89.79 0.1875 0.4413 36787 2.7183
180 89.77 0.1873 0.4407 36732 2.7224
* Solomon-Gotesman equation
t K = 4.2756 x 10"5 , a = 0. 8791
1
0
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M
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Rig. 5 *12 Kinetic plots for C T P  degradation
in chloroform - propionic anhydride solution for ferric 
chloride catalyst concentrations at 40° C,
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EFFECT OF FERRIC CHLORIDE CONCENTRATION ON CTP DEGRADATION 
IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION AT VARIOUS 
TEMPERATURES
TABLE 5.12a
E X I5 E R I M E N T A L C A L C U L A T E D *
Co^cn./lO 2 
mol/dm3
Initial ~ 
slope/10” 105k/min-1
Concn./10~2mol/dm“3 lO^c/min-1
20°C
4.210 0.8795 0.2905 5.00 0.5221
9.500 3.2156 1.0622 10.00 1.1192
14.010 5.7197 1.8895 15.00 1.7164
22.510 7.4362 2.45'65 20.00 2.3135
2 5°C
4.800 1.6409 0.5421 5.00 0.6855
9.720 5.0803 1.6782 10.00 1.5946
14.880 7.6091 2.5136 15.00 2.5038
21.390 10.9177 3.6066 20.00 3.4130
30°C
4:320 2.6291 0.8685 5.00 1.0901
9.790 6.5591 2.1667 10.00 2.3441
14.000 11.0075 3.6362 15.00 3.5982
‘ 23.010 16.6315 5.4941 20.00 4.8522
o o n
4.810 7.9100 2.6130 5.00 2.7738
9.850 14.8522 4.9063 10.00 5.0372
14.760 22.5850 7.4808 15.00 7.3005
21.730 30.8646 10.1958 20.00 9.5638
* calculated by least squares method
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Fig. 5-12 b Arrhenius plots for ferric chloride catalysd 
degradation of CTP in chloroform- propionic anhydride solution.
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TABLE 5.13
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PRORIONIC ANHYDRIDE AT 20°C
(i) Antimony pentachloride concn. 7.700 x 10 2 mol/dm3 
Solvent flow-time 48.83 sec.
Time
min.
Flow-time
sec. nsp
In] * 
dl/g
Mnt 10S/Mn
15 84.30 0.7264 1.4620 106194 0.9417
30 83.00 0.6998 1.4185 102517 0.9754
45 81.80 0.6752 1.3779 99093 1.0092
60 80.60 0.6506 1.3367 95639 1.0456
75 79.60 0.6301 1.3019 93321 1.0783
90 78.80 0.6138 1.2738 90406 1.1061
105 77.70 0.5912 1.2347 87177 1.1471
120 77.10 0.5789 1.2132 85405 1.1709
135 76.20 0.5605 1.1807 82735 1.2087
150 75.40 0.5441 1.1515 80349 1.2446
165 74.80 0.5318 1.2730 78552 1.2730
180 74.00 0.5155 1.0997 76145 1.3133
(ii) Antimony pentachloride 
Solvent flow-time 47.07
concn. 10.82 
sec.
x 10 2 mol/dm3
15 74.71 0.5872 1.2277 86597 1.1548
30 72.50 0.5403 1.1445 79787 1.2534
45 70.60 0.4999 1.0712 73848 1.3541
60 69.12 0.4685 1.0130 69176 1.4456
75 67.91 0.4427 0.9645 65328 1.5307
90 66.55 0.4139 0.9092 60974 1.6401
105 65.49 0.3913 0.8654 57559 1.7373
120 64.50 0.3703 0.8240 54356 1.8397
135 63.58 0.3508 0.7851 51367 1.9468
150 62.85 0.3352 0.7539 48989 2.0413
165 62.10 0.3193 0.7215 46540 2.1487
180 61.50 0.3066 0.6954 44577 2.2433
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Table 5*13 continued
(iii) Antimony pentachloride 
Solvent flow-time 48.83
concn. 13.48 
sec.
x 10"2 mol/dm3
Time
min.
Flow-time
sec. n3P
Ln3qr* 
dl/g
Mnt 10 5/Mn
15 75.51 0.5464 1.1555 80678 1.2395
30 72.23 0.4792 1.0330 70780 1.4128
45 69.89 0.4313 0.9427 63606 1.5722
60 67.86 0.3897 0.8623 57314 1.7448
75 66.40 0.3598 0.8032 52755 1.8956
90 65.00 0.3311 0.7456 48360 2.0678
105 63.76 0.3058 0.6937 44452 2.2496
120 62.91 0.2883 0.6577 41767 2.3942
135 62.12 0.2722 0.6238 39269 2.5466
150 61.41 0.2576 0.5931 37021 2.7011
165 60.72 0.2435 0.5630 34837 2.8705
180 60.05 0.2298 0.5336 32717 3.0565
(iv) Antimony pentachloride concn. 19.23 
Solvent flow-time 47.07 sec.
x 10~2 mol/dm3
15 69.80 0.4829 1.0399 71328 1.4020
30 64.70 0.3745 0.8324 55004 1.8180
45 62.10 0.3193 0.7215 46540 2.1487
60 59.90 0.2726 0.6247 39331 2.5425
75 58.20 0.2365 0.5480 33749 2.9631
90 57.20 0.2152 0.5020 30468 3.2822
105 56.10 0.1918 0.4508 26868 3.7220
120 55.30 0.1748 0.4130 24259 4.1221
135 54.70 0.1621 0.3845 22311 4.4821
150 54.20 0.1515 0.3605 20694 4.8324
165 53.70 0.1409 0.3363 19084 5.2400
180 53.30 0.1324 0.3169 17802 5.6173
* Solomon-Gotesman equation
t K = 7.2795 x 10“5 » a = 0.8561
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TABLE 5.1^
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 25°C
- 2 3(i) Antimony pentachloride concn. 7.16 x 10 mol/dm 
Solvent flow-time 45.73 sec.
Time
min.
Flow-time
sec. ^sp Cn]qr*<n/!G
Mnt 105/Mn
15 74.60 0.6313 1.3039 99853 1.0015
30 73.50 0.6073 1.2626 96194 1.0396
45 72.70 0.5898 1.2322 93514 1.0694
60 72.20 0.5788 1.2130 91831 1.0890
75 71. 30 0.5592 1.1783 88787 1.1263
90 70.60 0.5438 L.1510 86406 1.1573
105 70.05 0.5318 1.1293 84527 1.1831
120 69.18 0.5128 1.0948 81540 1.2264
135 68.80 0.5045 1.0797 80230 1.2464
150 68.10 0.4892 1.0515 77808 1.2852
165 67.70 0.4804 1.0353 76420 1.3086
180 67.30 0.4717 1.0190 75027 1.3328
(ii) Antimony pentachloride 
Solvent flow-time 44.60
concn. 10.92 
sec.
mol/dm3
15 70.70 0.5852 1.2242 92812 1.0774
30 68.10 0.5269 1.1205 83757 1.1939
45 66.16 0.4834 1.0408 76893 1.3005
60 64.60 0.4484 0.9753 71310 1.4023
75 63.30 0.4193 Oo 9197 66617 1.5011
90 62.10 0.3924 0.8675 62254 1.6063
105 60.80 0.3632 0.8100 57497 1.7392
120 60.00 0.3453 0.7741 54555 1.8330
135 59.60 0.3363 0.7560 53080 1.8839
150 58.80 0.3184 0.7196 50125 1.9950
165 58.20 0.3049 0.6920 47903 2.0876
180 57.50 0.2892 0.6595 45305 2.2073
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Table 5.1^ continued
(iii) Antimony pentachloride 
Solvent flow-time 45.73
concn. 14.01 
sec.
x 10~2 mol/dm3
Time
min.
Flow-time
sec. ^sp
[n]qr*
di/fG
Mnt 10S/Mn
15 70.20 0.5351 1.1353 85040 1.1759
30 66.40 0.4520 0.9820 71882 1.3912
45 64.50 0.4105 0.9026 65188 1.5340
60 62.60 0.3689 0.8213 58425 1.7116
75 60.80 0.3295 0.7423 51964 1.9244
90 59.70 0.3055 0.6931 47994 2.0836
105 58.60 0.2814 0.6431 44012 2.2721
120 57. 70 0.2618 0.6019 38205 2.4542
135 56.90 0.2443 0.5647 37842 2.6426
150 56.10 0.2268 0.5271 34936 2.8623
165 55.40 0.2115 0.4938 32395 3.0869
180 54.90 0.2005 0.4699 30582 3.2699
(iv) Antimony pentachloride concn. 18.70 -2x 10 mol/dm3
Solvent flow-time 45.73 sec.
15 65.50 0.4323 0.9447 68720 1.4552
30 60.68 0.3269 0.7370 51532 1.9405
45 58.06 0.2696 0.6185 42054 2.3779
60 56.20 0.2290 0.5318 35300 2.8329
75 54.80 0.1983 0.4651 30220 3.3091
90 53.73 0.1749 0.4133 26350 3.7951
105 52.93 0.1574 0.3740 23470 4.2608
120 52.40 0.1459 0.3477 21570 4.6360
135 52.00 0.1371 0.3278 20143 4.9645
150 51.50 0.1262 0.3027 18367 5.4446
165 51.20 0.1196 0.2876 17306 5.7782
180 50.90 0.1131 0.2724 16250 6.1537
* Solomon-Gotesraan equation
t K =■ 6.3576 x 10“5 9 a = 0.8625
10 
/
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Fig. 5-1 k  Kinetic plots for CTP degradation in chloro­
form - propionic anhydride solution for antimony pentachloride 
catalyst concentrations at 25°C,
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TABLE 5 , 1 5
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 30°C
(i) Antimony pentachloride concn. 6.430 x 10~2 mol/dm^ 
Solvent flow-time 92.30 sec.
Time
min.
Flow-time
sec. nsp
Cn ] *
ai/!G
M t n 105/Mn
15 148.80 0.6121 1.2710 105915 0.9442
30 145.50 0.5764 1.2087 99978 1.0002
45 144.80 0.5688 1.1954 98709 1.0131
60 143.40 0.5536 1.1684 96162 1.0399
75 141.90 0.5374 1.1394 93418 1.0705
90 140.20 0.5190 1.1061 90290 1.1075
105 138.50 0.5005 1.0724 87143 1.1475
120 137.20 0.4865 1.0465 84725 1.1803
135 136.30 0.4767 1.0284 84044 1.2042
150 135.00 0.4626 1.0020 80608 1.2406
165 134.50 0.4572 0.9919 79668 1.2552
180 133.00 0.4410 0.9611 76839 1.3014
(ii) Antimony pentachloride concn. 10.70 x 10~2 mol/dm3
Solvent flow-time 83.85 sec.
15 130.20 0.5528 1.1669 96017 1.0415
30 125.60 0.4979 1.0676 86693 1.1535
45 122.00 0.4550 0.9877 79281 1.2613
60 119.20 0.4216 0.9241 73451 1.3615
75 116.10 0.3846 0.8523 66933 1.4940
90 114.20 0.3620 0.8075 62908 1.5896
105 112.40 0.3405 0.7645 59076 1.6927
120 110.80 0.3214 0.7258 55655 1.7968
135 109.40 0.3047 0.6915 52652 1.8993
150 108.10 0.2892 0.6594 49855 2.0059
165 107.00 0.2761 0.6321 47485 2.1059
180 106.20 0.2665 0.6120 45758 2.1854
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Table 3.15 continued
(iii) Antimony pentachloride 
Solvent flow-time 83.85
concn. 13.63 
sec.
x 10~2 mol/dm3
Time
min.
Flow-time 
sec. nsp tn]SG* V 105/Mn
15 126.20 0.5051 1.0807 87918 1.1374
30 118.40 0.4120 0.9057 71775 1.3932
45 114.60 0.3667 0.8170 63757 1.5684
60 111.10 0.3250 0.7331 56297 1.7763
75 108.30 0.2916 0.6644 50286 1.9886
90 106.30 0.2677 0.6145 45974 2.1751
105 104.50 0.2463 0.5690 42084 2.3762
120 103.10 0.2296 0.5331 39055 2.5605
135 101.50 0.21P5 0.4917 35592 2.8096
150 100.50 0.1986 0.4656 33429 2.9914
165 99.50 0.1866 0.4393 31268 3.1982
180 98.60 0.1759 0.4154 29325 3.4101
(iv) Antimony pentachloride concn. 19.26 x 10~3 mol/dm3
Solvent flow-time 83.85 sec.
15 112.00 0.3357 0.7548 58222 1.7176
30 104.90 0.2510 0.5791 42949 2.3283
45 100.50 0.1986 0.4656 33429 2.9914
60 98.10 0.1699 0.4021 28247 3.5402
75 96.20 0.1473 0.3510 24165 4.1382
90 95.10 0.1342 0.3211 21814 4.5841
105 94.10 0.1222 0.2936 19689 5.0790
120 93.50 0.1151 0.2771 18420 5.4290
135 92.90 0.1079 0.2605 17156 5.8289
150 92.30 0.1008 0.2437 15898 6.2900
165 92.00 0.0972 0.2354 15272 6.5479
180 91.70 0.0936 0.2270 14648 6.8270
* Solomon-Gotesman equation
t K * 5.3507 x 10~5 > a = 0.8708
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Fig. 5-15 Kinetic plots for CTP degradation in
chloroform - propionic anhydride solution for antimony 
pentachloride catalyst concentrations at 30° C ,
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TABLE 5.16
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN CHLOROFORM CONTAINING 2.00 mol/dm3
PROPIONIC ANHYDRIDE AT 40°C
-2 3(i) Antimony pentachloride concn. 6.518 x 10 mol/dm 
Solvent flow-time 75.61 sec.
Time Flow-time r\ Cnlcr* M +sp j-, /ou n nm m .  sec. r dl/g
15 117.30 0.5514 1.1644 110935 0.9014
30 115.00 0.5210 1.1097 105023 0.9522
45 113.60 0.5024 1.0759 101393 0.9863
60 111.70 0.4773 1.0295 96432 1.0370
75 110.40 0.4601 0.9973 93013 1.0751
90 109.20 0.4443 0.9674 89841 1.1131
105 108.00 0.4284 0.9371 86653 1.1540
120 107.00 0,4152 0.9117 83985 1.1907
135 106.10 0.4033 0.8887 81575 1.2259
150 105.10 0.4900 0.8629 78887 1.2676
165 104.20 0.3781 0.8395 76459 1.3079
180 103.60 0.3702 0.8238 74837 1.3362
(ii) Antimony pentachloride concn. 10.02 x 10 2 mol/dm3
Solvent flow-time 83.52 sec.
15 123.10 0.4739 1.0231 95753 1.0444
30 119.00 0.4248 0.9303 85933 1.1637
45 115.70 0.3853 0.8536 77923 1.2833
60 113.32 0.3568 0.7972 72091 1.3871
75 110.81 0.4367 0.7366 65896 1.5175
90 108.91 0.3040 0.6901 61178 1.6346
105 107.18 0.2833 0.6471 56864 1.7586
120 10568 0.2653 0.6094 53112 1.8828
135 104.45 0.2506 0.5782 50028 1.9989
150 104.30 0.2488 0.5744 49652 2.0140
165 102.28 0.2246 0.5224 44576 2.2433
180 101.22 0.2119 0.4949 41910 2.3861
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Table 5.16 continued
(iii) Antimony pentachloride 
Solvent flow-time 75.61
concn. 14.23 
sec.
x 10 2 mol/dm3
Time
min.
Flow-time 
sec. nsp <n/!G
M t n 105/Mn
15 106.40 0.4072 0.8964 82379 1.2139
30 99.90 0.3213 0.7254 64758 1,54.42
45 95.70 0.2657 0.6102 53191 1.8800
60 92.90 0.2287 0.5312 45428 2.2013
75 90.70 0.1996 0.4678 39316 2.5435
90 89.10 0.1784 0.4210 34872 2.8677
105 88.00 0.1639 0.3884 31821 3.1426
120 86.80 0.1480 0.3526 28502 3.5085
135 86.10 0.1387 0.3315 26572 3.7634
150 85.40 0.1295 0.3103 24647 4.0573
165 84.90 0.1229 0.2951 23276 4.2963
180 84.40 0.1163 0.2798 21909 4.5643
(iv) Antimony pentachloride concn. 19.26 x 10 2 mol/dm3
Solvent flow-time 76.40 sec.
15 94.70 0.2395 0.5545 47707 2.0961
30 89.50 0.1715 0.4055 33414 2.9928
45 87.00 0.1387 0.3315 26573 3.7633
60 85.40 0.1178 0.2834 22228 4.4988
75 84.30 0.1034 0.2499 19266 5.1905
90 83.40 0.0916 0.2223 16862 5.9304
105 82.90 . 0.0851 0.2068 15536 6.4365
120 82.50 0.0798 0.1944 14482 6.9053
135 82.30 0.0772 0.1882 13956 7.1653
150 82. 20 0.0759 0.1851 13694 7.3025
165 82.10 0.0746 0.1820 13432 7.4448
180 82.10 0.0746 0.1820 13432 7.4448
* S o l o m o n - G o t e s m a n  e q u a t i o n  
t K = 4 . 2 7 5 6  x 1 0 ’ 5 , a = 0 . 8 7 9 1
10 
V
M
n
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rJ g. t) • I D Kinetic plots for CTP degradation in
chloroform - propionic anhydride solution for antimony penta­
chloride catalyst concentrations at 40° C,
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EFFECT OF ANTIMONY PENTACHLORIDE CONCENTRATION ON CTP 
DEGRADATION IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION 
AT VARIOUS TEMPERATURES
TABLE 5 .1 6a
E X P E R I M E N T A L C A L C U 1 A T E D *
Concn,/lQ"^ 
mol/dm-^
Initial _ 
Slope/10 103k/min~’*
-2C oncn/10^ 
mol/dm” lO^k/min”"*
20°C
7.700 2.2172 0.7325 10.00 1.4244
10.820 6.4272 2.1232 13.00 2.6167
13.480 9.2525 310565 16.00 4.8068
19.230 25.5401 8.4369 20.00 10.8142
2 5°C
7.160 2.0685 0.6833 10.00 1.5256
10.920 7.1255 2.3538 13.00 2,9027
14.010 11.7900 3.8947 16.00 5.5310
18.700 26.4500 8.7375 20.00 13.0638
30°C
6.430 2.1215 0.7008 10.00 1.7980
10.700 7.3895 2.4411 13.00 3.5173
13.630 13.5570 4.4784 16.00 6.8805
19.260 38.8333 12.8282 20.00 16.8334
40°C
6.520 2.8148 0.9298 10.00 2.3491
10.020 7.8950 2.6080 13.00 4.5710
14.230 22.3724 7.3905 16.00 8.8946
19.260 47.6204 15.7310 20.00 21.6080
* calculated by least squares method 
(concn. versus log k)
10
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concn/10~3mol dm'3
F i g .  5 * 1 6  Q  Effect of antimony pentachloride concentra-
tion on CTP degradation in chloroform -propionic anhydride 
at various temperatures „
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k
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Fig. 5-16 b Arrhenius plots for antimony pentachloride
catalysed degradation of CTP in chloroform-propionic anhydride 
solution,
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Table 5 .1 6b
KINETIC DATA FOR DIFFERENT CATALYSTS IN CHLOROFORM-
PROPIONIC ANHYDRIDE SOLUTION
Temp.°C concn. ~
1.0x10 M
concn. - 
2.0x10 M
concn. ~ 
3.0x10 M
concn. „ ^ 
4.0x10 M
L o g  r a t e c o n s t a n t m i  n"F
20 -4.9463 -4.5798 -4.3839 -4.2494
hc104 2530
-4.7136
-4.4736
-4.3828
-4.2236
-4.1972
-4.0659
-4.0676
-3.9505
40 -4.2593 -3.9067 -3.7147 -3.5820
E : k 
A
cal/mole 14.37 , 
6.46x10
14.01 r 
7.47x10
13.90 
9.40x10
13.84 . 
11.51x10
1.0xl0~2M 2.OxlO~2M 3.0xl0“2M 4.OxlO"2M
20 -4.5802 -4.2964 -4.1262 -4.0042
H 2S04
25
30
-4.4308
-4.3500
-4.1515
-4.0376
-3.9829
-3.8578
-3.8618
-3.7310
40 -4.0133 -3.7387 -3.5718 -3.4515
H: k 
A
cal/mole 11.73 
1.41x10
11.64 . 
2.36x10
11.60 . 
3.31x10
11.59 . 
4.27x10
5.OxlO~2M 10.0xl0"2M 15.0x10" 2M 20.0x 10"2M
20 -5.2822 -4.9511 -4.7654 -4.6357
FeC13
25
30
-5.1640
-4.9625
-4.7973
-4.6300
-4.6014
-4.4439
-4.4669
-4.3141
40 -4.5569 -4.2978 -4.1366 -4.0194
E: k A
cal/mole 15.58 _
19.76x10
13.79 - 
2.10x10
13.20 . 
1.18x10
12.91 
9.58x10
10.0x10"2M 13.0xl0“2M 15.0x10" 2M 20.0x 10"2M
20 -4.8464 -4.5822 -4.3181 -3.9660
SbCl5 25 -4.7899 -4.5203 -4.2507 -3.891230 -4.7452 -4.4538 -4.1624 -3.7738
40 -4.6291 -4.3400 -4.0509 -3.6654
E • k 
A
cal/mole 4.54
0.034
5.10
0.167
5.68
0.823
6.44
0.903
A M = mol/dm3
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TABLE 5.17
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
(i) Perchloric acid concn. 0. 
Solvent flow-time 116.30
8385 x.lO"3 
sec.
mol/dm3
T ime 
min.
Flow-time
sec. nsp Cn]qr*di/!G
M t n 105/Mn
15 182.00 0.5649 1.1885 89762 1.1141
30 178.10 0.5314 1.1286 84544 1.1828
45 175.00 > 0.5047 1.0801 80357 1.2444
60 171.90 0.4781 1.0309 76136 1.3134
75 170.00 0.4617 1.0004 73532 1.3599
90 167.10 0.4368 0.9532 69535 1.4381
105 165.00 0.4187 0.9186 66624 1.5010
120 163.80 0.4084 0.8987 64955 1.5395
135 162.10 0.3938 0.8703 62582 1.5979
150 161.40 0.3878 0.8585 61603 1.6233
165 160.40 0.3792 0.8416 60202 1.6611
180 158.90 0.3663 0.8161 58095 1.7213
(ii) Perchloric acid concn. 1. 6420 x 10"3 mol/dm3 
Solvent flow-time 116.30 sec.
15 172.40 0.4824 1.0389 76819 1.3018
30 167.20 0.4377 0.9549 69674 1.4353
45 161.80 0.3912 0.8652 62163 1.6087
60 157.80 0.3568 0.7973 56546 1.7685
75 155.30 0.3353 0.7541 53015 1.8863
90 153.10 0.3164 0.7156 49897 2.0041
105 151.10 0.2992 0.6802 47054 2.1252
120 149.60 0.2863 0.6535 44918 2.2263
135 148.10 0.2734 0.6265 42779 2.3376
150 147.20 0.2657 0.6102 41494 2.4100
165 146.30 0.2580 0.5938 40209 2.4870
180 145.70 0.2528 0.5829 39352 2.5412
i4o
Table 5.17 continued
(iii) Perchloric acid concn. 2 
Solvent flow-time 116.30
. 5860 x 10“ 
sec.
3 mol/dm3
Time
min.
Flow-time 
sec. nsp Cn V *dl/g
M f n 105/Mn
15 171.00 0.4703 1.0165 74904 1.3350
30 164.20 0.4119 0.9054 65512 1.5264
45 157.80 0.3568 0.7973 56546 1.7685
60 153.30 0.3181 0.7191 50181 1.9928
75 150.60 0.2949 0.6713 46342 2.1579
90 147.50 0.2683 0.6156 41922 2.3854
105 145.80 0.2537 0.5847 39494 2.5320
120 144.00 0.2382 0.5516 36922 2.7084
135 142.80 0.2279 0.5294 35207 2.8403
150 141.40 0.2158 0.5033 33207 3.0114
165 140.80 0.2107 0.4921 32350 3.0912
180 140.10 0.2046 0.4789 31350 3.1898
(iv) Perchloric acid concn. 3. 5290 x 10“3 mol/dm3
Solvent flow-time 113.74 sec.
15 159.70 0.4041 0.8903 64250 1.5564
30 151.60 0.3329 0.7491 52608 1.9009
45 146.60 0.2889 0.6588 45345 2.2053
60 142.30 0.2511 0.5793 39070 2.5595
75 139.10 0.2230 0.5188 34394 2.9075
90 136.80 0.2027 0.4748 31035 3.2222
105 135.00 0.1869 0.4399 28411 3.5197
120 133.60 0.1746 0.4125 26375 3.7915
135 132.60 0.1658 0.3928 24924 4.0122
150 131.50 0.1561 0.3711 23332 4.2860
165 131.00 0.1517 0.3611 22610 4.4229
180 130.40 0.1465 0.3491 21745 4.5988
* Solomon*-Gotesman equation.
t K = 6.2449 x 10_b j a = 0.8640
Ikl
Fia 5-17 minutes
Kinetic plots for CTP degradation in tetra- 
cloroethane -propionic anhydride solution for HCIO^ catalyst 
concentrations at 20° C
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TABLE 5 . 1 8
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i) Perchloric acid concn. 0.8735 x 10 3 
Solvent flow-time 107.20 sec.
mol/dm3
Time Flow-time n [nlcp* 
min. sec. ™ dl/g
M f n 105/M ' n
15 161.50 0.5065 1.0834 87568 1.1420
30 157.10 0.4655 1.0074 80506 1.2421
45 153.40 0.4310 0.9421 74503 1.3422
60 151.20 0.4104 0.9026 70907 1.4103
75 148.60 0.3862 0.8554 66634 1.5007
90 147.00 0.3713 0.8260 63992 1.5627
105 145.40 0.3563 0.7963 61341 1.6302
120 143.90 0.3424 0.7682 58848 1.6993
135 143.10 0.3349 0.7531 57516 1.7386
150 142.10 0.3256 0.7342 55849 1.7905
165 141.40 0.3190 0.7209 54680 1.8288
180 140.40 0.3097 0.7018 53008 1.8865
(ii) Perchloric acid concn. 1.8867 x 10 3 mol/dm3
Solvent flow- time 107.02 sec.
15 155.10 0.4468 0.9769 77692 1.2871
30 147.70 0.3778 0.8434 65559 1.5253
45 142.70 0.3312 0.7501 75250 1.7467
60 139.10 0.2976 0.6813 51223 1.9522
75 136.60 0.2743 0.6327 47022 2.1267
90 134.60 0.2556 0.5933 43654 2.2908
105 132.90 0.2397 0.5595 40788 2.4517
120 131.80 0.2295 0.5374 38933 2.5685
135 130.60 0.2183 0.5131 36910 2.7093
150 129.90 0.2118 0.4989 35730 2.7988
165 129.40 0.2071 0.4887 34888 2.8664
180 129.00 0.2034 0.4806 34214 2.9228
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Table 5 . 1 8 continued
(iii) Perchloric acid concn. 
Solvent flow-time 104.
2.7951 x 10" 
18 sec.
3 mol/dm3
Time 
min.
Flow-time 
sec. nsp Cn]qr*dl/g
M t n 105/M ' n
15 145.90 0.4005 0.8832 69151 1.4461
30 137.20 0.3170 0.7167 54308 1.8414
45 132.20 0.2690 0.6171 45682 2.1891
60 128.50 0.2334 0.5415 39275 2.5461
75 125.90 0.2085 0.4873 34773 2.8758
90 124.10 0.1912 0.4494 31661 3.1585
105 123.10 0.1816 0.4281 29935 3.3406
120 122.20 0.1730 0.4089 28384 3.5231
135 121.60 0.1672 0.3960 27351 3.6561
150 121.00 0.1615 0.3830 26321 3.7993
165 120.70 0.1586 .0.3765 25806 3.8751
180 120.50 0.1567 0.3722 25463 3.9273
(iv) Perchloric acid concn. 3.4590 x 10"3 mol/dm
Solvent flow-time 104.18 sec.
15 140.60 0.3496 0.7828 60138 1.6628
30 132.50 0.2718 0.6231 46200 2.1645
45 127.40 0.2229 0.5187 37370 2.6759
60 124.60 0.1960 0.4600 32525 3.0746
75 122.20 0.1730 0.4089 28384 3.5231
90 120.70 0.1586 0.3765 25806 3.8751
105 119.70 0.1490 0.3548 24093 4.1505
120 118.90 0.1413 0.3373 22727 4.4000
135 118.40 0.1365 0.3265 21876 4.5712
150 118.00 0.1327 0.3176 21196 4.7178
165 117.70 0.1298 0.3110 20687 4.8339
180 117.50 0.1279 0.3066 20348 4.9145
* Solomon-Gotesman equation «
t K = 5.7499 x 10"b £3 II o . 8650
W
/
SCH
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60 120 180 
minutes
^9* Kinetic plots for CTP degradation in tetra-
ch1oroethane - propionic anhydride solution for HC10,e 4catalyst concentrations at 25 C
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TABLE 5-. 19
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Perchloric acid concn. 0.9783 x 10-3 3mol/dm
Solvent flow-time 98.13 sec.
Time Flow-time n [r)]gg* 
min. sec. p V
105/Mn
15 140.50 0.4318 0.9436 80417 1.2435
30 133.70 0.3625 0.8085 67322 1.4854
45 129.30 0.3176 0.7181 58737 1.7025
60 126.30 0.2871 0.6550 52843 1.8924
75 124.30 0.2667 0.6123 48900 2.0450
90 123.00 0.2534 0.5842 46333 2.1583
105 121.40 0.2371 0.5494 43170 2.3164
120 120.80 0.2310 0.5363 41984 2.3819
135 120.40 0.2269 0.5275 41193 2.4276
150 11 .70 0.2198 0.5120 39808 2.5120
165 119.30 0.2157 0.5032 39017 2.5630
180 119.00 0.2127 0.4965 38424 2.6025
(ii) Perchloric acid concn. 1 
Solvent flow-time 98.13
.7470 x 10"3 
sec.
mol/dm3
15 135.40 0.3798 0.8428 70617 1.4161
30 127.60 0.3003 0.6825 55400 1.8050
45 122.70 0.2504 0.5777 45740 2.1863
60 120.00 0.2229 0.5186 40402 2.4751
75 117.90 0.2015 0.4720 36250 2.7586
90 116.90 0.1913 0.4495 34275 2.9176
105 116.10 0.1831 0.4315 32696 3.0585
120 115.50 0.1770 0.4179 31513 ' 3.1733
135 115.30 0.1750 0.4133 31119 3.2134
150 115.10 0.1729 0.4088 30725 3.2546
165 114.90 0.1709 0.4042 30332 3.2969
180 114.70 0.1689 0.3996 29938 3.3402
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Table 5 , 1 9 continued
(iii) - 3Perchloric acid concn. 2.5156 x 10 
Solvent flow-time 98.13 sec.
mol/dm3
Time
min.
Flow-time 
sec.
T)sp Cti] * dl/g
Mn 105/Mn
15 132.00 0.3452 0.7739 64014 1.5622
30 122.40 0.2473 0.5712 45147 2.2150
45 117.90 0.2015 0.4720 36250 2.75 86'
60 115220 0.1740 0.4110 30922 3.2339
75 113.70 0.1587 0.3767 27973 3.5748
90 112.80 0.1495 0.3560 26209 3.8154
105 112.00 0.1413 0.3375 24646 4 .0575
120 111.60 0.1373 0.3282 23866 4,1901
135 111.40 0.1352 0.3235 23476 4.2596
150 111.30 0.1342 0.3212 23282 4.2953
165 111.20 0.1332 0.3188 23087 4.3314
180 111.10 0.1322 0.3165 22892 4.3682
(iv) Perchloric acid concn. 3. 7385 x 10"3 mol/dm3
Solvent flow-time 95.73 sec.
15 120.50 0.2587 0.5955 47362 2.1114
30 112.80 0.1783 0.4208 31765 3.1481
45 109.50 0.1437 0.3432 25125 3.9802
60 107.70 0.1250 0.3001 21534 4.6438
75 106.50 0,1125 0.2711 19159 5.2195
90 106.00 0.1073 0.2589 18174 5.5022
105 105.70 0.1041 0.2516 17586 5.6865
120 105.40 0.1010 0.2443 16998 5.8830
135 105.30 0.1000 0.2419 16803 5.9514
150 105.30 0.1000 0.2419 16803 5.9514
165 105.20 0.0989 0.2394 16607 6.0214
180 105.30 0.1000 0.2419 16803 5.9514
* Solomon-Gotesman equation, 
t K = 5.1239 x 10~5 , a = 0.8695
1
0
5/
M
1%7
Fig. 5-19 Kinetic plots for CTP degradation in
tetrachloroethane - propionic anhydride solution for HCIO^ 
catalyst concentrations at 30*C
148
TABLE 5.20
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE-
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 40°C
(i) Perchloric acid concn. 0 
Solvent flow-time 83.65
.9084 x 10~3 
sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp dl/g
Mn 105/M ' n
15 111.30 0.3305 0.7443 64921 1.5403
30 105.80 0.2648 0.6083 51499 1.9418
45 102.50 0.2253 0.5240 43397 2.3043
60 100.90 0.2062 0.4824 39466 2.5338
75 99.60 0.1907 0.4482 36275 2.7568
90 99.30 0.1871 0.4403 35539 2.8138
105 99.20 0.1859 0.4376 35293 2.8334
120 99.10 0.1847 0.4350 35048 2.8532
135 99.10 0.1847 0.4350 35048 2.8532
150 98.90 0.1823 0.4297 34558 2.8937
165 98.90 0.1823 0.4297 34558 2.8937
180 98.80 0.1811 0.4270 34313 2.9144
(ii) Perchloric acid concn. 
Solvent flow-time 83.65
1.7819 x 10- 
sec.
2 mol/dm3
15 107.40 0.2839 0.6484 55417 1.8045
30 101.10 0.2086 0.4876 39958 2.5027
45 98.20 0.1739 0.4110 32843 3.0448
60 96.40 0.1524 0.3626 28446 3.5154
75 95. 80 0.1452 0.3464 26986 3.7056
90 95.50 0.1417 0.3382 26257 3.8085
105 95.40 0.1405 0.3355 26014 3.8440
120 95.40 0.1405 0.3355 26014 3.8440
135 95.30 0.1393 0.3327 25772 3.8802
150 95.30 0.1393 0.3327 25772 3.8802
165 95.40 0.1405 0.3355 26014 3.8440
180 95.40 0.1405 0.3355 26014 3.8440
Ik9
Table 5.20 continued
(iii) Perchloric acid concn. 
Solvent flow-time 83.65
2.6554 x 10" 
sec.
3 mol/dm3
Time 
min.
Flow-time 
sec. [n3SG*dl/g
M + n 105/Mn
15 104.20 0.2457 0.5677 47573 2.1020
30 97.80 0.1692 0.4003 31864 3.1383
45 95.10 0.1369 0.3273 25287 3.9546
60 94.20 0.1261 0.3026 23111 4.3270
75 93. 80 0.1213 0.2916 22147 4.5153
90 93.70 0.1201 0.2888 21906 4.5649
105 93.80 0.1213 0.2816 22147 4.5153
120 93.80 0.1213 0.2916 22147 4.5153
135 93.70 0.1201 0.2888 21906 4.5649
150 93.80 0.1213 0.2916 22147 4.5153
165 93.80 0.1213 0.2916 22147 4.5153
180 93.60 0.1189 0.2860 21666 4.6155
(iv) Perchloric acid concn. 3 
Solvent flow-time 83.65 :
.6686 x 10~3 
sec.
mol/dm3
15 99.80 0.1931 0.4535 36765 2.7200
30 94.30 0.1273 0.3053 23352 4.2823
45 92.80 0.1094 0.2638 19749 5.0636
60 92.30 0.1034 0.2499 18556 5.3890
75 92.20 0.1022 0.2471 18319 5.4589
90 92.00 0.0998 0.2415 17844 5.6043
105 92.10 0.1010 0.2443 18081 5.5307
120 92.10 0.1010 0.2443 18081 5.5307
135 92.20 0.1022 0.2471 18319 5.4589
150 92.20 0.1022 0.2471 18319 3.4589
165 92.10 0.1010 0.2443 18081 5.5307
180 91.90 0.0986 0.2387 17606 5.6798
* Solomon-Gotesman equation,
+ K = 4.7619 x 10-5 , a = 0.8715
10 
/ 
M
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F ig .5-20 Kinetic plots for CTP degradation in tetrachlor- 
ethane -propionic anhydride solution for HCIO^ catalyst concen­
trations at 0^* C
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TABLE 5.20 a
EFFECT OF PERCHLORIC ACID CONCENTRATION ON CTP
DEGRADATION IN TETRACHLOROETHANE-PROPIONIC ANHYDRIDE
SOLUTION
E X P 33 R I M E N T A L C A L C U L A T E D *
Concn. / 10“3 
mol dm3
Initial slope 
/10-3 lO^k/min"'*' Concn ,/ 10-3 mo 3 dm3 lO^k/min”-1
20°C
0.8390 3.6031 1.1903 1.00 1.8009
1.6420 11.7000 3.8650 2.00 4.2554
2.5860 16.1389 5.3313 3.00 6.7099
3.5290 24.5129 8.0979 4.00 9.1643
2 5°C
0.8735 7.3501 2.4280 1.00 2.5703
1.8867 17.3702 5.7381 2.00 6.8985
2.7951 31.3266 10.3485 3.00 11.2268
3.4590 40.7748 13.4696 4.00 15.5550
30°C
0.9783 12.6530 4.1798 1.00 4.3229
1.7470 27.9999 9.2495 2.00 11.6146
2.5156 49.0020 16.1874 3.00 18.9062
3.7385 72.6010 23.9831 4.00 26.1979
uoo*3-
0.9084 26.9247 8.8943 1.00 9.7348
1.7819 63.6634 21.0306 2.00 23.6942
2.6554 93.6613 30.9402 3.00 37.6537
3.6686 145.5190 48.0709 4.00 51.6131
* calculated by least squares method
152
Effect of perchloric acid concentration 
on CTP degradation in tetrachloroethane- propionic anhydride 
at various temperatures.
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Fig. 5-20 b 103/ T
Arrhenius plots for perchloric acid catalysed 
degradation of CTP in tetrachloroethane - propionic anhydride 
solution
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TABLE 5.21
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANYHYDRIDE AT 20°C
(i) Sulphuric acid concn. 2 . 0 5 9 5  X 10"2mol/dm3 
Solvent flow-time 113.74 sec.
Time
min.
Flow-time 
sec. nsp dl/g
M t n 10S/Mn
15 170.50 0.4990 1.0697 79458 1.2585
30 163.80 0.4401 0.9595 70070 1.4271
45 158.60 0.3944 0.8715 62680 1.5954
60 154.10 0.3548 0.7933 56219 1.7787
75 151.60 0.3329 0.7491 52608 1.9009
90 148.40 0.3047 0.6916 47965 2.0849
105 146.60 0.2889 0.6588 45345 2.2053
120 144.30 0.2687 0.6165 41991 2.3815
135 142.40 0.2520 0.5811 39216 2.5500
150 140.80 0.2379 0.5511 36878 2.7117
165 139.10 0.2230 0.5188 34394 2.9075
180 138.20 0.2151 0.5017 33079 3.0231
(ii) Sulphuric acid concn. 3. 
Solvent flow-time 116.30
0587 X 10- 
sec .
2mol/dm3
15 172.20 0.4807 1.0357 76546 1.3064
30 163.70 0.4076 0.8970 64815 1.5428
45 157.50 0.3543 0.7921 56123 1.7818
60 152.70 0.3130 0.7085 49329 2.0272
75 149.30 0.2837 0.6481 44490 2.2477
90 146.00 0.2554 0.5884 39780 2.5138
105 143.60 0.2347 0.5443 36350 2.7510
120 141.50 0.2167 0.5052 33349 2.9986
135 139.90 0.2029 0.4752 31065 3.2191
150 138.30 0.1892 0.4449 28784 3.4742
165 137.00 0.1781 0.4200 26934 3.7128
180 136.10 0.1702 0.4028 25655 3.8978
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Table 5 . 2 1 continued
(iii) Sulphuric acid concn. 4, 
Solvent flow-time 113.74
1089 x 10“
sec.
2mol/dm3
Time
min.
Flow-time
sec. "sp [bier*dl/iG
M f n 10b/Mn
15 163.00 0.4331 0.9461 68939 1.4506
30 154.10 0.3548 0.7933 56219 1.7787
45 148.60 0.3065 0.6952 48255 2.0723
60 143.60 0.2625 0.6035 40969 2.4409
75 140.70 0.2370 0.5492 36732 2.7224
90 137.90 0.2124 0.4959 32641 3.0637
105 135.90 0.1948 0.4564 29722 3.3645
120 134.10 0.1790 0.4223 27102 3.6898
135 132.60 0.1658 0.3928 24924 4.0122
150 131.20 0.1535 0.3651 22898 4.3671
165 129.90 0.1421 0.3391 21025 4.7562
180 128.70 0.1315 0.3150 19304 5.1803
(iv) Sulphuric acid concn, 5. 210 X 10“2mol/dm
Solvent flow-time 113.74 sec.
15 161.00 0.4155 0.9124 66101 1.5128
30 150.80 0.3258 0.7348 51449 1.9437
45 144.90 0.2740 0.6276 42866 2.3328
60 140.80 0.2379 0.5511 36878 2.7117
75 137.80 0.2115 0.4940 32495 3.0774
90 135.40 0.1904 0.4477 28994 3.4490
105 133.40 0.1729 0.4086 26085 3.8337
120 131.60 0.1570 0.3730 23476 4.2596
135 130.40 0.1465 0.3491 21745 4.5988
150 129.10 0.1350 0.3231 19877 5.0310
165 128.20 0.1271 0.3049 18589 5.3794
180 127.80 0.1236 0.2968 18019 5.5497
* Solomon—Gotesman equation.
t K = 6.2449 x 10"5 i a = 08640
10 
5/ 
M 
n
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catalyst concentrations at 20* C
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TABLE 5,22
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i) Sulphuric acid concn. l. 998*1 X 10 2raol/dm3 
Solvent flow-time 10.7.02 sec.
Time
min.
Flow-time 
sec. V) V 
.
dl/gG
M f n 10S/Mn
15 156.70 0.4642 1.0050 80286 1.2455
30 147.10 0.3745 0.8324 64566 1.5488
45 142.80 0.3343 0.7520 57417 1.7417
60 139.20 0.3007 0.6832 51391 1.9459
75 136.20 0.2727 0.6249 46348 2.1576
90 133.90 0.2512 0.5794 42474 2.3544
105 131.80 0.2315 0.5374 38933 2.5685
120 130.30 0.2175 0.5071 36404 2.7469
135 128.90 0.2044 0.4785 34045 2.9373
150 127.30 0.1895 0.4456 31353 3.1895
165 126.40 0.1811 0.4269 29841 3.3511
180 125.40 0.1717 0.4061 28164 3.5507
(ii) Sulphuric acid concn. 
Solvent flow-time 104.
2,9976 X 10" 
18 sec.
2mol/dm^
15 142.00 0.3630 0.8096 62529 1.5993
30 138.46 0.3290 0.7413 56472 1.7708
45 132.92 0.2759 0.6316 46927 2.1310
60 129.00 0.2382 0.5518 40142 2.4912
75 126.31 0.2124 0.4959 35483 2.8183
90 124.05 0.1907 0.4483 31574 3.1671
105 122.42 0.1751 0.4136 28763 3.4767
120 121.04 0.1618 0.3839 26489 3.7894
135 119.78 0.1497 0.3566 24230 4.1271
150 118.94 0.1417 0.3382 22796 4.3868
165 117.99 0.1326 0.3174 21179 4.7216
180 117.31 0.1260 0.3024 20026 4.9934
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Table 5. 22 continued
(iii) Sulphuric acid concn. 3,9967 X 10- 
Solvent flow-time 107.02 sec.
2mol/dm3
Time
min.
Flow-time
sec. "sp Cnlcp*di/!G
M f n 10b/M ' n
15 146.20 0.3661 0.8157 63074 1.5854
30 137.50 0.2848 0.6503 48535 2.0603
45 132.40 0.2372 0.5494 39945 2.5034
60 128.90 0.2044 0.4785 34045 2.9373
75 126.10 0.1783 0.4207 29338 3.4086
90 124.30 0.1615 0.3830 26323 3.7989
105 122.80 0.1474 0.3514 23822 4.1978
120 121.40 0.1344 0.3215 21499 4.6513
135 120.40 0.1250 0.3001 19849 5.0381
150 119.50 0.1166 0.2806 18371 5.4435
165 118.90 0.1110 0.2676 17390 5.7505
180 118.30 0.1054 0.2546 16413 6.0929
(iv) Sulphuric acid concn. 5. 
Solvent flow-time 104.18
250x 10“2 mol/dm3 
sec.
15 135.44 0.3001 0.6819 51277 1.9502
30 128.37 0.2322 0.5388 39050 2.5608
45 124.13 0.1915 0.4500 31713 3.1533
60 121.40 0.1653 0.3916 27008 3.7027
75 118.92 0.1415 0.3378 22762 4.3934
90 117.75 0.1303 0.3121 20772 4.8142
105 116.35 0.1168 0.2811 18406 5.4329
120 115.48 0.1085 0.2617 16946 5.9010
135 114.69 0.1009 0.2440 15628 6.3986
150 114.06 0.0948 0.2298 14583 6.8571
165 113.44 0.0889 0.2158 13561 7.3742
180 113.01 0.0848 0.2061 12855 7.7789
* Solomon-Gotesman equation, 
t K = 5.7499 x 10~5 , a = 0.8650
10 
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TABLE 5,23
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Sulphuric acid concn. 2.1258 X 10“2mol/dm3
Solvent flow-s tream 98 .13 sec.
Time Flow-time nsp ^ ]SG* M f n 105/Mnm m .  sec.
15 133.80 0.3635 0.8105 67516 1.4811
30 125.00 0.2738 0.6273 50281 1.9888
45 120.50 0.2280 0.5297 41391 2.4160
60 117.60 0.1984 0.4653 35657 2.8045
75 114.90 0.1709 0.4042 30332 3.2969
90 113.50 0.1566 0.3721 27581 3.6257
105 112.40 0.1454 0.3467 25427 3.9328
120 111.10 0.1322 0.3165 22892 4.3682
135 110.30 0.1240 0.2977 21340 4.6860
150 109.80 0.1189 0.2860 20373 4.9084
165 109.20 0.1128 0.2718 19216 5.2039
180 108.70 0.1077 0.2600 18256 5.4776
(ii) Sulphuric acid concn. 3.1658 X 10“2mol/dm3
Solvent flow-time 95.73 sec.
15 127.50 0.3319 0.7470 61470 1.6268
30 118.90 0.2420 0.5599 44121 2.2665
45 114.10 0.1919 0.4509 34394 2.9075
60 111.10 0.1606 0.3810 28337 3.5289
75 109.50 0.1438 0.3432 25125 3.9802
90 108.00 0.1282 0.3073 22130 4.5187
105 107.00 0.1177 0.2832 20146 4.9637
120 106.00 0.1073 0.2589 18174 5.5022
135 105.50 0.1021 0.2468 17194 5.8160
150 104.50 0.0916 0.2222 15245 6.5596
165 104.30 0.0895 0.2173 14857 6.7307
180 104.00 0.0864 0.2099 14277 7.0041
Table 5.23 continued
(iii) Sulphuric acid concn. 4 
Solvent flow-time 95.73
.1752 X 10“ 
sec.
2mol/dm3
Time
min.
Flow-time 
sec. 71 sp ^ ]SG*
M t n 10S/Mn
15 124.10 0.2964 0.6743 54636 1.8303
30 115.00 0.2013 0.4716 36216 2.7612
45 111.00 0.1595 0.3786 28136 3.5542
60 108.80 0.1365 0.3265 23725 4.2150
75 107.00 0.1177 0.2832 20146 4.9637
90 105.90 0.1062 0.2565 17978 5.5623
105 105.10 0.0979 0.2370 16412 6.0930
120 104.40 0.0906 0.2198 15051 6.6441
135 103.70 0.0833 0.2025 13699 7.2996
150 103.40 0.0801 0.1951 13123 7.6200
165 102.90 0.0749 0.1827 12168 8.2182
180 102.70 0.0728 0.1777 11788 8.4834
Civ) Sulphuric acid concn. 5. 
Solvent flow-time 95.73
2151 X  10”2 
sec.
mol/dm^
15 119.00 0.2431 0.5621 44324 2.2561
30 112.20 0.1720 0.4068 30554 3.2729
45 108.50 0.1334 0.3193 23126 4.3241
60 106.40 0.1115 0.2687 18962 5.2738
75 105.20 0.0989 0.2394 16607 6.0214
90 104.10 0.0874 0.2124 14470 6.9106
105 103.50 0.0812 0.1976 13315 7.5102
120 102.90 0.0749 0.1827 12168 8.2182
135 102.60 0.0718 0.1752 11598 8.6222
150 102.30 0.0686 0.1677 11030 9.0658
165 102.10 0.0665 0.1627 10653 9.3866
180 101.50
* Solomon-Gotesman e 
f K = 5.1239 x 10"5
0.0603
quation,
>
0.1477 
a = 0.8695
9530 10.4930
10
5/M
X62
F i g .  5 * 2 3  Kinetic plots for CTP degradation in tetra-
chloroethane-propionic anhydride for H^SO^ catalyst 
concentrations at 30* C .
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TABLE 5,24
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 40°C
(i) Sulphuric acid concn. 2.1095 X 10“2mol/dm3 
Solvent flow-time 81.70 sec.
Time 
min.
Flow-time 
sec. nsp [^ G *dl/g
V 105/Mn
15 105.60 0.2925 0.6664 57178 1.7489
30 99.80 0.2215 0.5158 42616 2.3465
45 96.60 0.1824 0.4298 34572 2.8925
60 94.90 0.1616 0.3833 30312 3.2990
75 93.40 0.1432 0.3417 26571 3.7635
90 92.52 0.1324 0.3171 24387 4.1006
105 91. 70 0.1224 0.2940 22360 4.4722
120 91.20 0.1163 0.2799 21130 4.7327
135 90.70 0.1102 0.2656 19904 5.0242
150 90.40 0.1065 0.2571 19170 5.2164
165 90.10 0.1028 0.2485 18439 5.4234
180 89.90 0.1004 0.2428 17952 5.5704
(ii) Sulphuric acid concn. 3. 
Solvent flow-time 81.70
1199 X 10“ 
sec.
2mol/dm3
15 100.10 0.2252 0.5237 43371 2,3057
30 95.30 0.1665 0.3943 31313 3.1936
45 92.80 0.1359 0.3249 25081 3.9871
60 91.30 0.1175 0.2827 21376 4.6782
75 90.30 0.1053 0.2542 18926 5.2837
90 89.70 0.0979 0.2371 17466 5.7253
105 89.10 0.0906 0.2198 16015 6.2440
120 88.70 0.0857 0.2083 15053 6.6431
135 88.50 0.0832 0.2025 14574 6.8615
150 88.10 0.0783 0.1909 13620 7.3424
165 88.00 0.0771 0.1879 13382 7.4729
180 87.80 0.0747 0.1821 12907 7.7476
♦
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Table 5.24 continued
(iii) Sulphuric acid corcn 3.9969 X lO”2mol/dm3 
Solvent flow-time 81.70 sec.
Time
min.
Flow-time 
sec. nsp dl/g
M t n 10S/Mn
15 95.90 0.1738 0.4107 32816 3.0473
30 92.20 0.1285 0.3081 23595 4.2382
45 90.30 0.1053 0.2542 18926 5.2837
60 89.40 0.0942 0.2284 16740 5.9738
75 88.60 0.0845 0.2045 14814 6.7506
90 88.10 0.0783 0.1909 13620 7.3424
105 8 7.70 0.0734 0.1792 12671 7.8923
120 87.40 0.0698 0.1705 11963 8.3593
135 87.20 0.0673 0.1646 11493 8.7011
150 87.00 0.0649 0.1587 11025 9.0705
165 86.90 0.0636 0.1558 10791 9.2667
180 86.70 0.0612 0.1499 10326 9.6844
(iv) QSulphuric acid concn. 5.5822 X 10“mo 
Solvent flow-time 81.7 sec.
1/dm3
15 92.10 0.1273 0.3053 23348 4.2831
30 89.10 0.0906 0.2198 16015 6.2440
45 87.80 0.0747 0.1821 12907 7.7476
60 87.30 0.0685 0.1675 11728 8.5269
75 87.00 0.0649 0.1587 11025 9.0705
90 86.70 0.0612 0.1499 10326 9.6844
105 86.40 0.0575 0.1411 9631 10.3827
120 86. 30 0.0563 0.1382 9401 10.6372
135 86.10 0.0539 0.1323 8942 11.1835
150 86.00 0.0526 0.1293 8713 11.4772
165 85.90 0.0514 0.1264 8485 11.7859
180 85.90 0.0514 0.1264 8485 11.7859
10 
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TABLE 5.24a
EFFECT OF SULPHURIC ACID CONCENTRATION ON CTP
DEGRADATION IN TETRACHLOROETHANE-PROPIONIC ANHYDRIDE
SOLUTION
E X P I5 R I M E N T A L C A L C U L A T E D *
concn,/ 10“2 
mo3 dm3
^Initial slope 
/ 10-3 lO^k/min"'
.concn,/ 10~2 
mol dm*5 10“* k/min-1
20°C
2.0595 10.6905 3.5315 2.00 3.3899
3.0587 16.2225 5.3590 3.00 5.1545
4.1089 20.6129 6.8093 4.00 6.9190
5.2100 27.9056 9.2182 5.00 8.6834
25°C
1.9984 14.3562 4.7424 2.00 4.7105
2.9976 22.6498 7.4822 3.00 7.6516
3.9967 32.6324 10.7798 4.00 10.5926
5.2500 42.9791 14.1978 5.00 13.5337
30°C
2.1258 24.0729 7.9523 2.00 7.3383
3.1658 38.2315 12.6294 3.00 11.7244
4.1752 49.4763 16.3441 4.00 16.1107
5.2151 65.7969 21.7354 5.00 20.4968
40°C
2.1095 46.0780 15.2215 2.00 13.9851
3.1199 74.3448 24.5591 3.00 23.1960
3.9967 95.2821 31.4756 4.00 32.4068
5.5822 143.471 47.3944 5.00 41.6176
* calculated by least squared method.
10 
k/
m
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TABLE 5.25
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
-2(i) Ferric chloride concn. 4.620x 10 mol/dm3
Solvent flow-time 116.30 sec.
Time Flow-time Dst) Cnlgg* 
min. sec. * dl/g
M f n 105/M ' n
15 196.10 0.6862 1.3961 108146 0.9247
30 192.50 0.6552 1.3444 103525 0.9659
45 189.90 0.6328 1.3065 100157 0.9984
60 188.30 0.6191 1.2830 98071 1.0197
75 186.10 0.6002 1.2503 95186 1.0506
90 184.10 0.5830 1.2203 92548 1,0805
105 181.60. 0.5615 1.1824 89229 1.1207
120 180.80 0.5546 1.1702 88162 1.1343
135 179.30 0.5417 1.1471 86156 1.1607
150 178.00 0.5305 1.1270 84409 1.1847
165 176.90 0.5211 1.1099 82927 1.2059
180 176.20 0.5150 1.0989 81982 1.2198
(ii) Ferric chloride concn. 9. 
Solvent flow-time 116.30
3 50 x 10~2 
sec.
mol/dm3
15 194.70 0.6741 1.6853 10636 0.9402
30 192.50 0.6552 1.3444 103525 0.9659
45 188.60 0.6217 1.2874 98462 1.0156
60 185.50 0.5950 1.2413 94396 1.0594
75 182.90 0.5727 1.2022 90958 1.0994
90 180.80 0.5546 1.1702 88162 1.1343
105 178.00 0.5305 1.1270 84409 1.1847
120 176.60 0.5185 1.1052 82522 1.2118
135 174.90 0.5039 1.0785 80221 1.2466
150 173.70 0.4936 1.0596 78591 1.2724
165 172.00 0.4789 1.0325 76272 1.3111
180 171.50 0.4746 1.0245 75589 1.3230
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Table 5 , 2 5 continued
(iii) Ferric chloride concn. 13.900x 10~2 
Solvent flow-time 60.20 sec.
mol/dm3
Time
min.
Flow-time 
sec. P sp C n 3or* di/!G M + n 105/M ' n
• 15 100.79 0.6743 1.3763 106375 0.9401
30 98.52 0.6365 1.3128 100716 0.9929
45 96.22 0. 5983 1.2471 94906 1.0537
60 94.11 0.5633 1.1856 89510 1.1172
75 92.26 0.5326 1.1307 84728 1.1803
90 90.87 0.5095 1.0888 81104 1.2330
105 89.73 0.4905 1.0540 78113 1.2802
120 88.50 0.4701 1.0160 74866 1.3357
135 87.54 0.4542 0.9861 72319 1.3828
150 86.72 0.4405 0.9603 70135 1.4258
165 85.94 0.4276 0.9356 68050 1.4695
180 85.17 0.4148 0.9110 65984 1.5155
(iv) Ferric chloride concn. 18 .200 x 10"2 mol/dm3
Solvent flow-time 113.74 sec.
15 189.40 0.6652 1.3612 105023 0.9522
30 183.70 0.6151 1.2761 97462 1.0260
45 178.50 0.5694 1.1964 90450 1.1056
60 174.90 0.5377 1.1400 85534 1.1691
75 171.40 0.5069 1.0842 80706 1.2391
90 168.20 0.4788 1.0323 76253 1.3114
105 166.10 0.4603 0,9978 73310 1.3641
120 163.00 0.4331 0.9461 68939 1.4506
135 161.70 0.4217 0.9243 67096 1.4904
150 159.60 0.4032 0.8886 64107 1.5599
165 157.80 0.3874 0.8577 61535 1.6251
180 157.00 0.3803 0.8439 60389 1.6559
* Solomon-Gotesman eqation.
f K - 6.2449 x 10“b f a - 0.8640
10
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Fig. 5-25 Kinetic plots for CTP degradation in tetra- 
chloroethane - propionic anhydride solution for FeCl^ catalyst 
concentrations at 20° C „
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TABLE 15,26
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dl) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i) Ferric chloride concn. 4 
Solvent flow-time 107.02
.6606 x 10"2 
sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp [plgc*dl/g
M f n 10b/Mn
15 168.10 0.5707 1.1988 98436 1.0159
30 165.90 0.5502 1.1623 94980 1.0528
45 164.30 0.5352 1.1355 92453 1.0816
60 162.60 0.5193 1.1068 89754 1.1142
75 161.50 0.5091 1.0880 88001 1.1364
90 160.40 0.4988 1.0692 86242 1.1595
105 159.00 0.4857 1.0451 83996 1.1905
120 157.90 0.4754 1.0260 82224 1.2162
135 157.20 0.4689 1.0138 81094 1.2331
150 156.30 0.4605 1.9980 79638 1.2557
165 155.50 0.4558 0.9892 78828 1.2686
180 155.30 0.4511 0.9804 78017 1.2818
(ii) Ferric chloride concn. 
Solvent flow-time 107.
9.6110 x 10" 
02 sec.
2 mol/dm3
15 167.20 0.5623 1.1839 97025 1.0307
30 164.10 0.5334 1.1321 92136 1.0853
45 160.90 0.5035 1.0778 87042 1.1489
60 158.00 0.4764 1.0277 82386 1.2138
75 156.20 0.4595 0.9962 79476 1.2582
90 154.10 0.4399 0.9591 76065 1.3147
105 152.60 0.4259 0.9324 73617 1.3584
120 151.10 0.4119 0.9054 71160 1.4053
135 149.90 0.4007 0.8837 69188 1.4453
150 148.80 0.3904 0.8636 67376 1.4842
165 147.70 0.3801 0.8434 65559 1.5253
180 146.50 0.3689 0.8213 63572 1.5730
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Table5.26 continued
(iii) Ferric chloride concn. 
Solvent flow-time 104.
13.720x 10~2 
18 sec.
mol/dm3
Time
min.
Flow-time
sec. nsp Cnlcr*di/fG
M f n 105/Mn
15 162.80 0.5627 1.1845 97085 1.0300
30 158.49 0.5213 1.1103 90089 1.1100
45 155.02 0.4880 1.0493 84391 1.1850
60 152.18 0.4607 0.9985 79685 1.2549
75 150.14 0.4412 0.9615 76281 1.3109
90 147.84 0.4191 0.9193 72423 1.3808
105 146.15 0.4029 0.8879 69573 1.4373
120 144.42 0.3863 0.8555 66644 1.5005
135 143.20 0.3745 0.8324 64572 1.5487
150 142.00 0.3630 0.8096 62529 1.5993
165 141.12 0.3546 0.7927 61027 1.6386
180 140.60 0.3496 0.7828 60138 1.6628
(iv) Ferric chloride concn. 18. 270 x 10-2 mol/dm3
Solvent flow-time 104.18 sec.
15 161.65 0.5516 1.1649 95227 1.0501
30 156.58 0.5030 1.0769 86960 1.1500
45 152.76 0.4663 1.0089 80649 1.2399
60 149.83 0.4382 0.9558 75763 1.3199
75 147.24 0.4133 0.9082 71412 1.4003
90 145.46 0.3962 0.8750 68406 1.4619
105 143.49 0.3773 0.8379 65065 1.5369
120 142.08 0.3638 0.8111 62665 1.5958
135 140.68 0.3504 0.7843 60275 1.6591
150 139.53 0.3393 0.7621 58307 1.7151
165 138.79 0.3322 0.7477 57038 1.7532
180 138.05 0.3251 0.7333 55768 1.7931
* Solomon-Gotesman equation *
f K = 5.7499 x 10~5 9 a - 0.8650
u
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Fig. 5-26 Kinetic plots for CTP degradation in tetrachlo-
ethane - propionic anhydride solution for FeCl^ catalyst
oconcentrations at 25 C .
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TABLE 5 .2?
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm5) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Ferric chloride concn. 4 
Solvent flow-time 98.13
.6790x 10“2 
sec.
mol/dm3
Time
min.
Flow-time
sec. "sp
Cnlr*
dl/g M t n 105/M ' n
15 146.80 0.4960 1.0640 92327 1.0831
30 144.18 0.4693 1.0145 87401 1.1441
45 142.80 0.4552 0.9881 84791 1.1794
60 141.10 0.4379 0.9553 81561 1.2261
75 139.6 0.4226 0.9261 78697 1.2707
90 138.60 0.4124 0.9064 76781 1.3024
105 137.90 0.4053 0.8926 75437 1.3256
120 136.60 0.3920 0.8668 72935 1.3711
135 135.90 0.3849 0.8528 71584 1.3970
150 135.60 0.3818 0.8468 71004 1.4084
165 134.60 0.3716 0.8267 69068 1.4478
180 134.10 0.3666 0.8166 68099 1.4685
(ii) Ferric chloride concn. 
Solvent flow-time 98.13
9 . 40 80 x 10" 
sec .
2 mol/dm3
15 144.50 0.4725 1.0206 88005 1.1363
30 141.30 0.4399 0.9592 81942 1.2204
45 138.30 o .4094 0.9005 76206 1.3122
60 135.70 0.3829 0.8488 71197 1.4046
75 133.80 0.3635 0.8105 67516 1.4811
90 132.20 0.3472 0.7779 64404 1.5527
105 . 131.00 0.3350 0.7533 62063 1.6113
120 130.00 0.3248 0.7326 60108 1.6637
135 129.00 0.3146 0.7118 58149 1.7197
150 128.10 0.3054 0.6930 56383 1.7736
165 127.60 0.3003 0.6825 55400 1.8050
180 127.10 0.2952 0.6719 47357 1.8377
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Table 5.27 continued
(iii) Ferric chloride concn. 13.67l0x 10” 
Solvent flow-time 95.73 sec.
2 mol/dm3
Time
min.
Flow-time 
sec. nsp
Cn]qr* 
di/fG
M f n 10b/Mn
15 143.50 0.4990 1.0696 92884 1.0766
30 137.30 0.4342 0.9483 80879 1.2364
45 132.40 0.3831 0.8492 71234 1.4038
60 129.58 0.3536 0.7908 65628 1.5237
75 127.70 0.3340 0.7513 61870 1.6163
90 126.20 0.3183 0.7194 58862 1.6989
105 124.90 0.3047 0.6915 56248 1.7779
120 123.79 0.2931 0.6676 54011 1.8515
135 123.07 0.2856 0.6519 52558 1.9027
150 122.47 0.2793 0.6388 51347 1.9476
165 122.18 0.2763 0.6325 50761 1.9700
180 121.80 0.2723 0.6242 49992 2.0003
Civ) Ferric chloride concn. 18. 3930x 10"2 mol/dm3
Solvent flow- time 95.73 sec.
15 138.40 0.4457 0.9702 83025 1.2045
30 133.30 0.3925 0.8676 73015 1.3696
45 129.60 0.3538 0.7912 65668 1.5228
60 126.70 0.3235 0.7301 59866 1.6704
75 124.50 0.3005 0.6829 55442 1.8037
90 123.20 0.2870 0.6548 52821 1.8932
105 122.10 0.2755 0.6307 50599 1.9763
120 121.30 0.2671 0.6132 48981 2.0416
135 120.80 0.2619 0.6021 47969 2.0847
150 120.50 0.2587 0.5955 47362 2.1114
165 120.30 0.2567 0.5911 46957 2.1296
180 120.20 0.2556 0.5889 46755 2.1388
* Solomon-Gotesman equation,
t K => 5.1239 x 10" 5 , a = 0.8695
10
 
/ 
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Fig. 5-27 Kinetic plots for CTP degradation in tetra-
chloroethane - propionic anhydride solution for FeCl^ 
catayst concentrations at 30 0 .
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TABLE 5.28
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 40°C
(i) Ferric chloride concn. 5 
Solvent flow-time 81.70
. 6040 x 10~2 
sec.
7mol/dm
Time
min.
Flow-time
sec. nsp
M *
dl/g
M f n 10s/Mn
15 119.50 0.4627 1.0021 91322 1.0950
30 115.60 0.4149 0.9113 81889 1.2212
45 112.90 0.3819 0.8469 75286 1.3283
60 110.60 0.3537 0.7911 69617 1.4364
75 109.20 0.3366 0.7566 66149 1.5117
90 108.20 0.3244 0.7318 63665 1.5707
105 107.20 0.3121 0.7068 61174 1.6347
120 106.50 0.3035 0.6891 59427 1.6827
135 105.90 0.2962 0.6740 57928 1.7263
150 105.40 0.2901 0.6613 56678 1.7644
165 105.00 0.2852 0.6511 55677 1.7961
180 104.70 0.2815 0.6434 54925 1.8207
-2 3(ii) Ferric chloride concn. 9.9410x 10 mol/dm 
Solvent flow-time 84.65 sec.
15 118.40 0.4154 0.9122 81986 1.2197
30 112.80 0.3485 0.7805 68555 1,4587
45 109.40 0.3078 0.6980 60300 1.6584
60 107.40 0.2839 0.6484 55417 1.8045
75 105.90 0.2660 0.6108 51744 1.9326
90 104.90 0.2540 0.5855 49292 2.0287
105 104.20 0.2457 0.5677 47573 2.1020
120 103.50 0.2373 0.5498 45854 2.1808
135 103.00 0.2313 0.5369 44626 2.2408
150 102.70 0.2277 0.5292 43889 2.2785
165 102.30 0.2230 0.5188 42906 2.3307
180 102.00 0.2194 0.5110 42169 2.3714
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Table 5.28 continued
(iii) Ferric chloride concn. 13.8470 X 10~2raol/dm3 
Solvent flow-time 83.65 sec.
Time
min.
Flow-time 
sec. ^sp
CnlSG
dl/g Mnf 105/Mn
15 115.10 0.3760 0.8353 74098 1.3496
30 108.90 0.3019 0.6856 59081 1.6926
45 105.40 0.2600 0.5982 50518 1.9795
60 103.70 0.2397 0.5549 46346 2.1577
75 102.50 0.2253 0.5240 43397 2.3043
90 101.70 0.2158 0.5033 41432 2.4136
105 101.00 0.2074 0.4850 39712 2.5181
120 100.70 0.2038 0.4771 38975 2.5657
135 100.40 0.2002 0.4693 38238 2.6152
150 100.10 0.1967 0.4614 37502 2.6665
165 99.80 0.1931 0.4535 36765 2.7200
180 99.60 0.1907 0.4482 36275 2.7568
(iv) Ferric chloride concn. 19 .4410 X 10“^mol/dm3
Solvent flow-time 81.7 sec.
15 112.60 0.3819 0.8469 75286 1.3283
30 106.10 0.2987 0.6790 58428 1.7115
45 103.00 0.2607 0.5997 50661 1.9739
60 101.60 0.2436 0.5632 47144 2.1212
75 100.80 0.2338 0.5422 45132 2.2157
90 100.50 0.2301 0.5343 44377 2.2534
105 100.00 0.2240 0.5211 43119 2.3191
120 99.70 0.2203 0.5131 42365 2.3605
135 99.40 0.2166 0.5051 41610 2.4033
150 99.20 0.2142 0.4998 41107 2.4327
165 99.10 0.2130 0.4971 40855 2.4477
180 99.00 0.2118 0.4945 40604 2.4628
* So 1 onion-Go t esman equation.
t K = 4.7619 x 10“5 s» a = 0.8715
1
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Fig. 5 '2 S  Kinetic plots for CTP degradation in tetra-
chloroethane - propionic anhydride solution for FeCl^
I  9catalyst concentration at kO C ,
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TABLE 5 . 2 8 a
EFFECT OF FERRIC CHLORIDE CONCENTRATION ON CTP
DEGRADATION IN TETRACHLOROETHANE-PROPIONIC ANHYDRIDE
SOLUTION
E X P E. R I M E N T A L C A L C U L A T E D *
C oncn. / lO”2 
mol dm 3
Initial slope 
/10-3 lO^k/inin"1
C oncn'/ 10“2 
mol dm 3 lO^k/min”-1
20°C
4.620 1.7964 0.5934 4.00 0.4396
9.350 2.0270 0.6696 9.00 0.8406
13.900 3.9800 1.3148 13.00 1.1615
18.200 4.8205 1.5924 18.00 1.5625
25°C
4.6606 1.9835 0.6552 4.00 0.4707
9.6110 4.3047 1.4220 9.00 1.3933
13.720 6.7690 2.2361 13.00 2.1311
18.270 9.5429 3.1524 18.00 3.0536
30°C
4.679 3.7540 1.2401 4.00 0.9808
9.408 7.0245 2.3205 9.00 2.2805
13.671 10.2314 3.3799 13.00 3.3203
18.393 14.5919 4.8203 18.00 4.6201
40°C
5.604 10.7283 3.5440 4.00 2.4107
9.941 22.1819 7.3276 9.00 6.5678
13.847 33.6974 11.1316 13.00 9.8935
19.441 45.2192 14.9378 18.00 14.0507
* calculated by least squares
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3.2 3.3 3-A
P i n  ^  ?  ft h  1 0  7  Tl“ I y. O • Z. O  U  Arrhenius plots for ferric chloride catalysed
degradation of CTP in tetrachloroethane -propionic 
anhydride solution.
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TABLE 5.29
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING
2.00 mol/PROPIONIC ANHYDRIDE AT 20°C
(i) Antimony pentachloride concn. 3.950x 10“2 mol/dm3 
Solvent flow-time 116.30 sec.
Time
min.
Flow-time 
sec. nred ^ S G *dl/g
M t n 105/M ' n
15 187.20 0.6096 1.2667 96631 1.0349
30 184.80 0.5890 1.2308 93473 1.0698
45 182.30 0.5675 1.1931 90161 1.1091
60 181.20 0.5580 1.1763 88696 1.1274
75 178.80 0.5374 1.1394 85485 1.1698
90 177.20 0.5236 1.1146 83332 1.2000
105 175.90 0.5125 1.0942 81576 1.2259
120 173.60 0.4927 1.0580 78455 1.2746
135 172.40 0.4824 1.0389 76819 1.3018
150 171.00 0.4703 1.0165 74904 1.3350
165 169.90 0.4609 0.9988 73395 1.3625
180 168.30 0.4471 0.9728 71192 1.4046
(ii) Antimony pentachloride concn. 6. 750 x 10 2 mol/dm3
Solvent flow-time 113.74 sec.
15 181.40 0.5949 1.2411 94374 1.0596
30 175.40 0.5421 1.1479 86220 1.1598
45 171.30 0.5061 1.0826 80568 1.2412
60 167.60 0.4735 1.0225 75414 1.3260
75 164.40 0.4454 0.9696 70917 1.4101
90 161.40 0.4190 0.9192 66670 1.4999
105 158.60 0.3944 0.8715 62680 1.5954
120 156.20 0.3733 0.8300 59241 1.6880
135 154.40 0.3575 0.7985 56652 1.7652
150 153.00 0.3452 0.7739 54632 1.8304
165 151.70 0.3337 0.7508 52752 1.8957
180 150.50 0.3232 0.7294 51014 1.9603
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Table5»29 continued
_ 2 *7(iii) Antimony pentachloride concn. 9.870x 10 mol/dm 
Solvent flow-time 116.30 sec.
Time
min.
Flow-time 
sec. ^sp
[nlq * 
dl/|G
Mnt 105/Mn
15 182.75 0.5714 1.1999 90759 1.1018
30 173.91 0.4945 1.0629 78876 1.2678
45 167.95 0.4441 0.9671 70710 1.4142
60 163.00 0.4015 0.8854 63839 1.5664
75 158.60 0.3637 0.8110 57673 1.7339
90 155.70 0.3388 0.7610 53581 1.8663
105 152.80 0.3138 0.7103 49471 2.0214
120 150.80 0.2966 0.6749 46627 2.1447
135 148.80 0.2794 0.6391 43777 2.2843
150 147.20 0.2657 0.6102 41494 2.4100
165 145.60 0.2519 0.5810 39209 2.5505
180 144.80 0.2451 0.5664 38065 2.6271
(iv) Antimony pentachloride concn. 13.550x 
Solvent flow-time 113.74 sec.
10~2 mol/dm3
15 166.87 0.4671 0.0105 74391 1.3442
30 156.75 0.3781 0.8395 60031 1.6658
45 150.00 0.3188 0.7204 50289 1.9885
60 145.06 0.2754 0.6305 43100 2.3202
75 141.61 0.2450 0.5663 38062 2.6273
90 138.69 0.2194 0.5110 33795 2.9391
105 136.44 0.1996 0.4678 30510 3.2776
120 134.67 0.1840 0.4335 27931 3.5803
135 133.30 0.1720 0.4066 25939 3.8551
150 132.16 0.1619 0.3841 24287 4.1175
165 131.15 0.1531 0.3641 22826 4.3809
180 130.90 0.1509 0.3591 22465 4.4513
* Solomon-Gotesman equation,
t K = 6.2449 x 10~5 , a = 0.8640
10
° 
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chloroethane - propionic anhydride solution for SbCl^ 
catalyst concentrations at 20* C ,
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TABLE 5.30
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE 4g/dm3 IN TETRACHLOROETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
_ 2 3(i) Antimony pentachloride concn. 3.570x 10 mol/dm 
Solvent flow-time 107.02 sec.
Time
min.
Flow-time 
sec. nsp di/SG* l g
M t n 105/Mn
15 164.80 0.5399 1.1439 93244 1.0725
30 163.80 0.5306 1.1271 91661 1.0910
45 163.10 0.5240 1.1152 90549 1.1044
60 162.10 0.5147 1.0983 88958 1.1241
75 161.30 0.5072 1.0846 87682 1.1405
90 160.60 0.5007 1.0726 86552 1.1552
105 159.80 0.4932 1.0589 85280 1.1726
120 159.40 0.4894 1.0520 84638 1.1815
135 158.80 0.4838 1.0416 83674 1.1951
150 158.00 0.4764 1.0277 82386 1.2138
165 157.40 0.4708 1.0173 81417 1.2282
180 156.70 0.4642 1.0050 80286 1.2455
(ii) Antimony pentachloride concn. 6.880x 
Solvent flow-time 104.18 sec.
10~2 mol/dm3
15 156.71 0.5042 1.0792 87173 1.1471
30 153.55 0.4739 1.0231 81960 1.2201
45 150.36 0.4433 0.9655 76649 1.3046
60 147.82 0.4189 0.9189 72389 1.3814
75 146.25 0.4038 0.8898 69742 1.4339
90 143.85 0.3808 0.8447 65677 1.5226
105 141.83 0.3614 0.8063 62239 1.6067
120 140.51 0.3487 0.7810 59984 1.6671
135 139.00 0.3342 0.7518 57399 1.7422
150 137.89 0.3236 0.7302 55494 1.8020
165 137.45 0.3194 0.7216 54737 1.8269
180 136.42 0.3095 0.7013 52965 1.8880
Table 5,30 continued
— 2 3(iii) Antimony pentachloride concn. 10.1080 X 10 mol/dm 
Solvent flow-time 107.02 sec.
Time
min.
Flow-time
sec. "SP
Cnlcr*dl/g
v 10 5/hin
15 155.20 0.4502 0.9786 77854 1.2845
30 148.40 0.3867 0.8563 66715 1.4989
45 143.70 0.3427 0.7690 58918 1.6973
60 140.30 0.3110 0.7044 53235 1.8784
75 137.15 0.2811 0.6425 47863 2.0893
90 134.70 0.2586 0.5953 43822 2.2819
105 132.90 0.2418 0.5595 40788 2.4517
120 131.20 0.2259 0.5253 37922 2.6370
135 129.80 0.2129 0.4969 35562 2.8120
150 128.40 0.1998 0.4683 33204 3.0117
165 127.50 0.1914 0.4497 31689 3.1556
180 126.50 0.1820 0.4290 30009 3.3323
— 2 3(iv) Antimony pentachloride concn. 13.060 x 10 mol/dm 
Solvent flow-time 104.18 sec.
15 144.20 0.3841 0.8513 66271 1.5090
30 136.79 0.3130 0.7086 53602 1.8656
45 130.55 0.2531 0.5836 42826 2.3350
60 126.95 0.2186 0.5093 36591 2.7329
75 124.69 0.1969 0.4619 32680 3.0599
90 122.56 0.1764 0.4166 29004 3.4478
105 121.34 0.1647 0.3904 26905 3.7168
120 119.78 0.1497 0.3566 24230 4.1271
135 118.86 0.1409 0.3365 22659 4.4132
150 118.04 0.1330 0.3185 21264 4.7028
165 117.26 0.1256 0.3013 19942 5.0146
180 116.84 0.1215 0.2920 19232 5.1996
* Soloraon-Gotesman equation,
t K = 5.7499 x 10” 5 , a = 0.8650
60 . , 120 180 
minutes
ig. b- 3U Kinetic plots for CTP degradation in tetra- 
chloroethane - propionic anhydride solution for SbCl^ 
catalyst ' concentrations at 25 C ,
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TABLE 5.31
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dl) IN TETRACHLOETHANE CONTAINING 2.00 mol/
dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Antimony pentachloride concn. 2.9250 X 10“2mol/dm3 
Solvent flow-time 98.13 sec.
Time
min.
Flow-time
sec. nsp
Cn:3qr*dl/g
Mnt 10S/Mn
15 145.90 0.4868 1.0471 90639 1.1033
30 144.50 0.4725 1.0206 88005 1.1363
45 144.00 0.4674 1.0111 87061 1.1486
60 143.70 0.4644 1.0053 86495 1.1561
75 143.30 0.4603 0.9977 85738 1.1663
90 142.60 0.4532 0.9843 84412 1.1847
105 141.90 0.4460 0.9708 83083 1.2036
120 141.70 0.4440 0.9669 82703 1.2092
135 140.60 0.4328 0.9456 80607 1.2406
150 140.50 0.4318 0.9436 80417 1.2435
165 139.80 0.4246 0.9300 79080 1.2645
180 139.60 . 0.4226 0.9261 78697 1.2707
(ii) Antimony pentachloride 
Solvent flow-time 95.73
concn. 6.5610x 
sec.
10-2 mol/dm3
15 137.40 0.4353 0.9503 81074 1.2334
30 135.31 0.4135 0.9084 76978 1.2991
45 134.12 0.4010 0.8843 74635 1.3399
60 132.05 0.3794 0.8420 70541 1.4176
75 130.18 0.3599 0.8033 66824 1.4965
90 128.29 0.3401 0.7637 63051 1.5860
105 127.75 0.3345 0.7523 61971 1.6137
120 126.69 0.3234 0.7298 59846 1.6710
135 125.78 0.3139 0.7104 58018 1.7236
150 124.41 0.2996 0.6810 55261 1.8096
165 123.61 0.2912 0.6637 53648 1.8640
180 122.57 0.2804 0.6410 51549 1.9399
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Table 5.31 continued
(iii) Antimony pentachloride 
Solvent flow-time 95.73
concn, 9.8910x 
sec.
10“2 mol/dm3
Time
min.
Flow-time 
sec. nsp Cn3cr*dl/|G Mnf
105/Mn
15 132.40 0.3831 0.8492 71234 1.4038
30 126.20 0.3183 0.7194 58862 1.6989
45 122.32 0.2778 0.6356 51043 1.9591
60 119.47 0.2480 0.5726 45276 2.2087
75 117.27 0.2250 0.5233 40817 2.4500
90 115.45 0.2060 0.4819 37128 2.6934
105 113.78 0.1886 0.4435 33747 2.9633
120 112.80 0.1783 0.4208 31765 3.1481
135 111.70 0.1668 0.3951 29546 3.3846
150 111.02 0.1597 0.3791 28176 3.5491
165 110.32 0.1524 0.3626 26769 3.7357
180 109.73 0.1462 0.3486 25585 3.9085
(iv) Antimony pentachloride concn. 13.6360x 10 2 mol/dm3
Solvent flow-time 95.73 sec.
15 124.30 0.2984 0.6786 55039 1.8169
30 116.80 0.2201 0.5126 39864 2.5085
45 112.69 0.1772 0.4182 31543 3.1703
60 110.00 0.1491 0.3550 26127 3.8275
75 108.39 0.1322 0.3167 22907 4.3655
90 107.39 0.1218 0.2926 20919 4.7804
105 106.36 0.1110 1 0.2677 18883 5.2958
120 105.76 0.1048 0.2531 17703 5.6487
135 105.23 0.0992 0.2401 16666 6.0003
150 104.78 0.0945 0.2291 15789 6.3336
165 104.37 0.0903 0.2190 14993 6.6698
180 104.11 0.0875 0.2126 14490 6.9014
* Solomon-Gotsman equation.
t K =- 5.1239 x 10 * a = 0.8695
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Fig .  5-31 Kinetic plots for CTP degradation in tetra­
chloroethane - propionic anhydride solution for SbCl,_
Ocatalyst concentrations at 30 C ,
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TABLE 5.32
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN TETRACHLOROETHANE CONTAINING 2.00
mol/dm3 PROPIONIC ANHYDRIDE AT 40°C
- 2 3(i) Antimony pentachloride 3.361 x 10 mol/dm 
Solvent flow-time 83.65 sec.
Time
min.
Flow-time
sec.
Tjsp Cnlcr*dl/g
M t n 10/ M n
15 123.90 0.4812 1.0367 94942 1.0533
30 122.80 0.4680 1.0122 92371 1.0826
45 121.30 0.4501 1.9784 88849 1.1255
60 120.50 0.4405 0.9603 86962 - 1.1499
75 119.80 0.4322 0.9444 85308 1.1722
90 118.90 0.4214 0.9237 83174 1.2023
105 118.20 0.4130 0.9076 81511 1.2268
120 117.70 0.4071 0.8961 80320 1.2450
135 116.80 0.3963 0.8751 78172 1.2792
150 115.80 0.3843 0.8517 75778 1.3196
165 115.30 0.3784 0.8400 74578 1.3409
180 114.90 0.3736 0.8305 73618 1.3584
(ii) Antimony pentachloride concn. 6. 780x 10~2 mol/dm3
Solvent flow- time 81.70 sec.
15 115.20 0.4100 0.9018 80914 1.2359
30 112.10 0.3721 0.8276 73318 1.3639
45 108.80 0.3317 0.7467 65156 1.5348
60 107.40 0.3146 0.7118 61673 1.6215
75 105.30 0.2889 0.6587 56428 1.7722
90 104.40 0.2778 0.6357 54174 1.8459
105 102.50 0.2546 0.5867 49406 2.0241
120 101.40 0.2411 0.5580 46641 2.1440
135 100.30 0.2277 0.5290 43874 2.2793
150 99.30 0.2154 0.5025 41358 2.4179
165 98.60 0.2069 0.4838 39597 2.5254
180 98.00 0.1995 0.4677 38089 2.6255
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Table 5.32 continued
(iii) Antimony pentachloride 
Solvent flow-time 83.65
concn. 9.930x 
sec.
10-2 mol/dm3
Time
min.
Flow-time
sec. ^sp dl/!G
M fn 105/Mn
15 113.00 0.3509 0.7853 69038 1.4485
30 106.30 0.2708 0.6209 52724 1.8967
45 102.90 0.2301 0.5343 44380 2.2533
60 100.10 0.1967 0.4614 37502 2.6665
75 98.40 0.1763 0.4164 33373 3.0001
90 96.90 0.1584 0.3761 29665 3.3709
105 95.70 0.1441 0.3436 26743 3.7393
120 94.90 0.1345 0.3218 24802 4.0319
135 94.50 0.1297 0.3108 23835 4.1955
150 94.00 0.1237 0.2971 22628 4.4192
165 93.60 0.1189 0.2860 21666 4.6155
180 93.40 0.1166 0.2805 21186 4.7202
Civ) Antimony pentachloride concn. 13.690x 
Solvent flow-time 81.70 sec.
10”2 mol/dm3
15 105,80 0.2950 0.6714 57678 1.7338
30 99.40 0.2166 0.5051 41610 2.4033
45 95.90 0.1738 0.4107 32816 3.0473
60 93.90 0.1493 0.3556 27816 3.5951
75 92.50 0.1322 0.3165 24337 4.1089
90 91.60 0.1212 0.2912 22114 4.5220
105 90.70 0.1102 0.2656 19904 5.0242
120 90.20 0.1040 0.2514 18682 5.3527
135 89.70 0.0979 0.2371 17466 5.7253
150 89.50 0.0955 0.2313 16982 5.8887
165 89.30 0.0930 0.2256 16498 6.0614
180 89.10 0.0906 0.2198 16015 6.2440
1
0
/M
n
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Fig- 5* 32 Kinetic plots for CTP degredation in tetra-
chloroethane - propionic anhydride solution for SbCl^ 
catalyst concentration at 40 C .
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TABLE 5.32 a
EFFECT OF ANTIMONY PENTACHLORIDE CONCENTRATION
ON CTP DEGRADATION IN TETRACHLOROETHANE-PROPIONIC
ANHYDRIDE SOLUTION
E X P E R I M E N T A L C A L C U - L A T E D *
-2Concn. / 10 
mol dm3
Initial slope 
/ I O -3 lO^k/minT1
C oncn. / 10-2 
mol dm3 lO^k/minT1
20°C
3.950 2.1410 0.7073 6.00 1.7273
6.750 2.1410 2.0161 9.00 3.8248
9.870 11.4732 3.7901 13.00 6.6214
13.550 22.6164 7.4711 15.00 8.0197
25°C
3.570 1.0741 0.3548 6.00 1.7767
6.880 5.2741 1.7423 9.00 4.6542
10.110 14.0325 4.6355 13.00 8.4908
13.060 29.0652 9.6014 15.00 10.4092
30°C
2.925 1.1179 0.3693 6.00 2.606
6.561 4.6255 1.5280 9.00 6.3226
9.891 19.3073 6.3780 13.00 11.2780
13.636 40.4006 13.3460 15.00 13.7555
40°C
3.361 1.9279 0.6369 6.00 3.7888
6.780 8.7007 2.8742 9.00 8.7373
9.930 33.3508 11.0171 13.00 15.3354
13.690 50.6383 16.7279 15.00 18.6344
* calculated by least squares
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on CTP degradation in tetrachloroethane-propionic anhydride 
solution at various temperatures .
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Arrhenius plots for antimony pentachloride 
catalysed degradation of CTP in tetrachloroethane- propionic 
anhydride solution .
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Table 5,32 b
KINETIC DATA FOR DIFFERENT CATALYSTS IN TETRACHLOTO-
ETHANE-PROPIONIC ANHYDRIDE SOLUTION
Temp.°C concn. - 
1.OxlO M
concn. ,
2.0x10 M
concn. ~ 
3.0x10 M
concn. _
4.0x10 M
L o g  r a t e  c o n s t a n t m i n -"*
HC104
20 -4.7445 -4.3711 -4.1733 -4.0379
25 -4.5900 -4.1612 -3.9497 -3.8081
30 -4.3642 -3.9350 -3.7234 -3.5817
40 -4.0117 -3.6254 -3.4242 -3.2872
E : k cal/mole 15.65 15.69 15.70 15.71
A 8.12xl06 2.19xl07 3.60xl07 5.03xl07
2 ,0x 10*”2M 3.0xl0~2M 4.0x 10“2M 5.0x 10“2M
h 2s o 4
20 -4.4698 -4.2878 -4.1600 -4.0613
25 f4.3265 -4.1162 -3.9750 -3.8686
30 -4.1344 -3.9309 -3.7929 -3.6883
40 -3.8543 -3.6346 -3.4894 -3.3807
E : k cal/mole 13.10 13.76 14.07 14.25
A 1.94xl05 9.46xl05 2.17xl06 3.70xl06
4.0x 1CT2M 9.OxlO-2M 13.0 x 10_2M 18.OxlO“2M
FeCl3
20 -5.3569 -5.0754 -4.9350 -4.8062
25 -5.3273 -4.8560 -4.6714 -4.5152
30 -5.0084 -4.6420 -4.4788 -4.3353
40 -4.6179 -4.1826 -4.0047 -3.8523
E : k cal/mole 16.58 18.77 19.33 19.68
A 8.50xl06 8.06xl08 2.98xl09 7.51xl09
6.0x 10"2M 9.OxlO”2M 13.0x 10“2M 15.OxlO“2M
SbCl5 20 -4.7626 25 -4.7504
-4.4174
-4.3322
-4.1791
-4.0711
-4.0958
-3.9826
30 -4.5840 
40 -4.4215
-4.1991 
-4.0586
-3.9478
-3.8143
-3.8615
-3.7297
E : k cal/nole 7.71 7.67 7.69 7.69
A 9.01 20.57 36.68 44.64
.200
TABLE 5 . 3 3
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 15°C
(i) Perchloric acid concn. 0.8722 x 10"3 
Solvent flow-time 79.05 sec.
mol/dm3
Time
mih.
Flow-time
sec. "sp Cnlcr*dl/g M + n 105/Mn
15 153.30 0.9393 1.7883 117696 0.8497
30 152.30 0.9266 1.7699 116253 0.8602
45 151.40 -0.9152 1.7532 114949 0.8700
60 150.50 0.9039 1.7365 113640 0.8800
75 149.60 0.8925 1.7196 112325 0.8903
90 148.80 0.8824 1.7045 111153 0.8997
105 147.90 0.8710 1.6875 109829 0.9105
120 147.30 0.8634 1.6761 108943 0.9179
135 146.60 0.8545 1.6627 107907 0.9267
150 146.00 0.8469 1.6512 107016 0.9344
165 145.20 0.8368 1.6358 105825 0.9450
180 144.50 0.8280 1.6222 104779 0.9544
(ii) Perchloric acid concn. 1 
Solvent flow-time 106.4
.6747 x 10" 
sec.
3 mol/dm3
15 204.40 0.9211 1.7617 115615 0,8649
• 30 200.70 0.8863 1.7104 111608 0.8960
45 198.00 0.8609 1.6723 108654 0.9204
60 194.90 0.8318 1.6280 105229 0.9503
75 192.00 0.8045 1.5860 101995 0.9804
90 189.30 0.7791 1.5463 98957 1.0105
105 186.80 0,7556 1.5090 96121 1.0404
120 184.90 0.7378 1.4804 93951 1.0644
135 183.00 0.7199 1.4515 91768 1.0897
150 180.90 0.7002 1.4192 89341 1.1193
165 178.80 0.6805 1.3866 86899 1.1508
180 176.40 0.6579 1.3489 84089 1.1892
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Table 5.33 continued
(iii) Perchloric acid concn. 2. 5120 x 10" 3 mol/dm3
Solvent flow- time 106. 40 sec.
Time
min.
Flow-time 
sec. % Cn]qr* •dl/f v
1Q5/Mn
15 200.20 0.8816 1.7034 111063 0.9004
30 194.40 0.8271 1.6208 104674 0.9553
45 189.30 0.7791 1.5463 98957 1.0105
60 185.20 0.7406 1.4849 94295 1.0605
75 181.20 0.7030 1.4239 89689 1.1150
90 177.60 0.6692 1.3678 85496 1.1696
105 174.60 0.6410 1.3203 81969 1.2200
120 171.40 0.6109 1.2689 78173 1.2792
135 168.90 0.5874 1.2281 75184 1.3301
150 166.40 0.5639 1.1867 75175 1.3855
165 164.30 0.5442 1.1516 69633 1.4361
180 161.90 0.5216 1.1109 66711 1.4990
(iv) Perchloric acid concn. 3.4192 x 10~3 mol/dm3 
Solvent flow-time 79.05 sec.
15 143.70 0.8178 1.6066 103580 0.9654
30 137.60 0.7407 1.4850 94303 1.0604
45 132.90 0.6812 1.3879 86994 1.1495
60 128.50 0.6256 1.2941 80026 1.2496
75 124.80 0.5787 1.2129 74078 1.3499
90 122.00 0.5433 1.1500 69523 1.4384
105 119.20 0.5079 1.0859 64926 1.5402
120 117.00 0.4801 1.0346 61286 1.6317
135 114.90 0.4535 0.9849 57790 1.7304
150 113.60 0.4371 0.9537 55615 1.7981
165 111.70 0.4130 0.9076 52425 1.9075
180 110.20 0.3941 • 0.8708 49896 2.0042
* Solomon- Gotesman equation.
t K = 10.0023 x 10_b , a ~ 0. 8386
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Fig. 5-33 Kinetic plots for CTP degradation in dichloro­
methane- propionic anhydride solution for HCIO^ catalyst cone-
Oentrations at 15 C ,
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TABLE 5 . 3 4
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
(i) Perchloric acid concn. 0. 8722 x 10- 3 mol/dm3
Solvent flow-time 110,90 sec .
Time
min.
Flow-time
sec. nsp dl/i
M t n i o 5/m' n
15 209.80 0.8918 1.2186 115609 0.8650
30 208.50 0.8801 1.7011 114264 0.8752
45 207.90 0.8656 1.6795 112600 0.8881
60 206.10 0.8584 1.6686 111765 0.8947
75 204.30 0.8422 1.6440 109877 0.9101
90 202.60 0.8269 1.6205 108082 0.9252
105 201.50 0.8170 1.6052 106916 0.9353
120 201.00 0.8124 1.5983 106384 0.9400
135 198.90 0.7935 1.5688 104141 0.9602
150 197.90 0.7845 1.5547 103067 0.9702
165 196.00 0.7674 1.5276 101016 0.9899
180 195.10 0.7592 1.5148 100040 0.9996
Cii) Perchloric acid concn. 1.8143 x 10”3 mol/dm3
Solvent flow-time 99.90 sec.
15 182.80 0.8298 1.6251 108429 0.9223
30 176.60 0.7678 1.5283 101065 0.9895
45 170.30 0.7047 1.4266 93402 1.0706
60 165.80 0.6597 1.3519 87817 1.1387
75 162.20 0.6236 1.2907 83282 1.2007
90 158.50 0.5866 1.2266 78560 1.2729
105 155.40 0.5556 1.1719 74556 1.3413
120 153.00 0.5315 1.1288 71427 1.4000
135 150.30 0.5045 1.0797 67877 1.4733
150 148.20 0.4835 1.0409 65094 1.5362
165 146.40 0.4655 1.0074 62694 1.5951
180 144.50 0.4464 0.9715 60146 1.6626
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Table 5.34 continued
(iii) Perchloric acid concn. 2 
Solvent flow-time 110.90
.4807 x 10 
sec.
” 3  mol/dm3
Time 
in in •
Flow-time 
sec. Psp
[n]qr* dl/g
Mnt 10S/Mn
15 199.30 0.7971 1.5744 104569 0.9563
30 191.20 0.7241 1.4582 95775 1.0441
45 181.30 0.6348 1.3098 84696 1.1807
60 174.70 0.5753 1.2068 77108 1.2969
75 169.80 0.5311 1.1281 71372 1.4011
90 164.90 0.4869 1.0473 65551 1.5255
105 163.80 0.4770 1.0289 64233 1.5568
120 157.80 0.4229 0.9266 56972 1.7552
135 154.90 0.3968 0.8760 53422 1.8719
150 152.50 0.3751 0.8336 50466 1.9816
165 150.40 0.3562 0.7959 47865 2.0892
180 148.30 0.3372 0.7579 45254 2.2097
(iv) Perchloric acid concn. 3.8433 x 10“ 
Solvent flow-time 99.9 sec.
3 mol/dm3
15 170.20 0.7037 1.4250 93279 1.0721
30 158.60 0.5876 1.2284 78688 1.2708
45 150.50 0.5065 1.0834 68141 1.4676
60 145.00 0.4515 0.9810 60818 1.6443
75 140.30 0.4044 0.8909 54463 1.8361
90 136.70 0.3684 0.8202 49541 2.0185
105 133.90 0.3403 0.7642 45682 2.1890
120 131.30 0.3143 0.7113 42078 2.3765
135 129.20 0.2933 0.6679 39155 2.5540
150 127.30 0.2743 0.6282 36501 2.7396
165 125.70 0.2583 0.5945 34262 2.9187
180 124.40 0.2452 0.5668 32440 3.0826
w Soloraon-Gotesman equation,
t K = 6.5417 x 10"5 , a = 0.8729
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Fig. 5-34 Kinetic plots for degradation of CTP in 
dichloromethane- propionic anhydride solution for HCIO^ 
catalyst concentrations at 20° C,
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TABLE 5.35
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i)
„  3Perchloric acid concn. 0.8589 x 10 
Solvent flow-time 95.55 sec.
mol/dm3
Time
min.
Flow-time 
sec. ^sp Cn] cr* di/gSG
M t n io5/m„n
15 171.30 0.7928 1.5677 112367 0.8899
30 169.80 0.7771 1.5430 110319 0.9065
45 169.00 0.7687 1.5298 109221 0.9156
60 168.80 0.7666 1.5265 108946 0.9179
75 168.60 0.7645 1.5231 108671 0.9202
90 168.40 0.7624 1.5198 108396 0.9225
105 168.20 0.7603 1.5165 108121 0.9249
120 168.00 0.7582 1.5132 107845 0.9273
135 166.90 0.7467 1.4948 106325 0.9405
150 166.80 0.7457 1.4931 106186 0.941.7
165 166.70 0.7446 1.4914 106048 0.9430
180 166.50 0.7425 1.4880 105771 0.9454
(ii) Perchloric acid concn. 1.6517 x 10”3 mol/dm3 
Solvent flow-time 95.55 sec.
15 164.00 0.7164 1.4457 102287 0.9776
30 157.90 0.6525 1.3399 93651 1.0678
45 153.80 0.6096 1.2667 87738 1.1398
60 149.40 0.5636 1.1861 81297 1.2301
75 145.00 0.5175 1.1035 74760 1.3376
90 143.50 0.5018 1.0748 72510 1.3791
105 140.50 0.4704 1.0167 67979 1.4710
120 138.20 0.4464 0.9714 64478 1.5509
135 135.90 0.4223 0.9255 60954 1.6406
150 133.90 0.4014 0.8850 57873 1.7279
165 133.50 0.3972 0.8768 57254 1.7466
180 130.90 0.3700 0.8234 53222 1.8789
20?
Table 5-35 continued
(iii*) Perchloric acid concn. 2.4776 x 10 ~3 mol/dm3
Solvent flow- time 72.20 sec.
T ime 
min.
Flow-time 
sec. nsp tJsG*dl/g
M t n 105/Mn
15 121.10 0.6773 1.3814 97022 1.0307
30 112.90 0.5637 1.1864 81315 1.2298
45 108.00 0.4958 1.0638 71649 1.3957
60 104.50 0.4474 0.9733 64624 1.5474
75 101.30 0.4030 0.8883 58121 1.7205
90 98.60 0.3657 0.8148 52581 1.9018
105 96.80 0.3407 0.7649 48864 2.0465
120 95.00 0.3158 0.7143 45130 2.2158
135 93.50 0.2950 0.6715 42008 2.3805
150 92.20 0.2770 0.6340 39297 2.5447
165 91.10 0.2618 0.6019 36999 2.7028
180 90.40 0.2521 0.5813 35535 2.8140
(iv) Perchloric acid concn. 3 
Solvent flow-time 72.20
.3034 x 10“ 
sec.
3 mol/dm3
15 113.90 0.5776 1.2108 83263 1.2010
30 106.80 0.4792 1.0330 69251 1.4440
45 101.40 0.4044 0.8910 58326 1.7145
60 97.00 0.3435 0.7705 49277 2.0293
• 75 94.60 0.3102 0.7029 44298 2.2574
90 92.40 0.2798 0.6398 39714 2.5180
105 '90.90 0.2590 0.5960 36581 2.7336
120 89.10 0.2341 0.5428 32819 3.0471
135 88.00 0.2188 0.5099 30520 3.2766
150 86.90 0.2036 0.4767 28223 3.5432
165 85.90 0.1898 0.4462 26138 3.8258
180 85.20 0.1801 0.4247 24682 4.0516
* Solomon-Gotesman equation.
t K ‘= 6.9682 x 10~5 , a = 0. 8617
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Fig. 5-35 Kinetic plots for CTP degradation in dichloro­
methane- propionic anhydride solution for HCIO^ catalyst 
concentrations at 25° C ,
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TABLE 5 . 3 6
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) -3Perchloric acid concn. 0.8589 x 10 
Solvent flow-time 69.20 sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp Cni * dl/g
M t n 10S/M 7 n
15 121.40 0.7543 1.5069 119470 0.8370
30 120.80 0.7457 1.4931 118169 0.8462
45 120.50 0.7413 1.4861 117518 0.8509
60 120.30 0.7384 1.4814 117083 0.8541
75 120.20 0.7370 1.4791 116865 0.8557
90 120.10 0.7355 1.4768 116647 0.8573
105 120.00 0.7341 1.4745 116430 0.8589
120 119.80 0.7312 1.4698 115994 0.8621
135 119.60 0.7283 1.4651 115557 0.8654
150 119.30 0.7240 1.4581 114902 0.8703
165 119.00 0.7197 1.4510 114246 0.8753
180 118.70 0.7153 1.4440 113588 0.8804
-3 3(ii) Perchloric acid concn. 1.6517 x 10 mol/dm 
Solvent flow-time 69.20 sec.
15 114.40 0.6532 1.3410 104064 0.9609
30 108.50 0.5679 1.1938 90689 1.1027
45 104.10 0.5043 1.0794 80497 1.2423
60 100.20 0.4480 0.9744 71320 1.4021
75 97.70 0.4118 0.9053 65376 1.5296
90 95.90 0.3858 0.8547 61069 1.6375
105 94.50 0.3656 0.8147 57706 1.7329
120 93.10 0.3454 0.7743 54334 1.8405
135 92.00 0.3295 0.7422 51678 1.9351
150 91.30 0.3194 0.7216 49985 2.0006
165 91.10 0.3165 0.7157 49501 2.0201
180 90.40 0.3064 0.6949 47807 2.0917
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Table 5.36 continued
(iii) Perchloric acid concn. : 
Solvent flow-time 91.80
2.4776 x 10- 
sec .
3 mol/dm3
Time
min.
Flow-time
sec. risp v 105/Mn
15 144.90 0.5784 1.2123 92357 1.0828
30 134.40 0.4641 1.0047 73950 1.3523
45 127.90 0.3932 0.8692 62298 1.6052
60 123.30 0.3431 0.7698 53960 1.8532
75 120.20 0.3094 0.7011 48311 2.0699
90 117.60 0.2810 0.6424 43564 2.2955
105 115.60 0.2593 0.5966 39910 2.5056
120 113.80 0.2397 0.5548 36624 2.7304
135 112.50 0.2255 0.5243 34255 2.9193
150 111.50 0.2146 0.5007 32435 3.0831
165 110.40 0.2026 0.4745 30437 3.2855
180 109.60 0.1939 0.4553 28988 3.4498
(iv) Perchloric acid concn. 3.7031 x 10"3 mol/dm3
Solvent flow-time 91.80 sec.
15 138.30 0.5065 1.0834 80852 1.2368
30 125.70 0.3693 0.8220 58318 1.7147
45 119.30 0.2996 0.6809 46669 2.1428
60 115.20 0.2549 0.5873 39180 2.5524
• 75 112.00 0.2200 0.5125 33344 2.9990
90 109.80 0.1961 0.4601 29350 3.4072
105 108.20 0.1786 0.4215 26459 3.7794
120 107.10 0.1667 0.3947 24481 4.0847
135 106.00 0.1547 0.3677 22513 4.4418
150 105.20 0.1460 0.3480 21089 4.7417
165 104.60 0.1394 0.3331 20026 4.9935
180 104.10 0.1340 0.3206 19143 5.2239
* S olomon-Gote sman equation
t K = 7.7144 x 10"5 , a = 0. 8451
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Fig. 5-36 Kinetic plots for CTP degradation in dichloro-
methane-propionic anhydride solution for HCIO^ catalyst con-
Ocentrations at 30 C .
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EFFECT OF PERCHLORIC ACID CONCENTRATION ON CTP DEGRADATION 
IN DICHLOROMETHANE-PROPIONIC ANHYDRIDE SOLUTION, AT VARIOUS 
TEMPERATURES
TABLE 5 , 3 6 a
: e x P E R I M E N T A L C A L C U L
1
A T E D *
Concn./10“3 
mol dm"3
Initial
slope/10-3 lO^k/min--*-
concn./10-3 
mol dm-3 103k/min F
15°C
0.8722 0.6207 0.2050 1.0 0.2084
1.6747 1.9188 0.6339 2.0 0.9381
2.5120 3.5959 1.1879 3.0 1.6679
3.4192 6.2801 2.0746 4.0 2.3976
20°C
0.8722 0.8493 0.2806 1.0 0.3927
1.8143 4.4737 1.4778 2.0 1.6892
2.6516 7.1312 2.3557 3.0 2.9858
3.9076 12.8898 4.2580 4.0 4.2823
2 5°C
0.8589 0.8679 0.2867 1.0 0.5773
1.6517 6.1370 2.0273 2.0 2.8623
2.4776 11.9199 3.9376 3.0 5.1473
3.3034 17.7508 5.8638 4.0 7.4323
30°C
0.8589 1.1809 0.3901 1.0 1.0343
1.6517 11.9489 3.9472 2.0 4.7766
2.4776 18.2836 6.0398 3.0 8.5191
3.7031 34.2572 11.3166 4.0 12.2615
* Calculated by least squares method
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Fig. 5-36 b
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Arrhenius plots for perchloric acid catalysed 
degradation of CTP in dichloromethane-propionic anhydride 
solution *
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TABLE 5 . 3 7
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE C4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 15°C
(i) Sulphuric acid concn. 1. 
Solvent flow-time 87,90
6007 x 10'2 
sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp S?]/SG*dl/g
t
Mn 105/Mn
15 169.10 0.9238 1.7657 115927 0.8626
30 165.80 0.8862 1.7103 111603 0.8960
45 162.70 0.8510 1.6573 107490 0.9303
60 160.70 0.8282 1.6226 104809 0.9541
. 75 157.90 0.7964 1.5733 101022 0.9899
90 156.10 0.7759 1.5411 98566 1.0146
105 154.00 0.7520 1.5032 95679 1.0452
120 152.10 0.7304 1.4684 93047 1.0747
135 150.60 0.7133 1.4407 90957 1.0994
150 148.60 0.6906 1.4034 88151 1.1344
165 147.00 0.6724 1.3731 85893 1.1642
180 145.70 0.6576 1.3484 84048 1.1898
(ii) Sulphuric acid concn. 3 
Solvent flow-time 79.05
.0077 x 10" 
sec.
2 mol/dm3
15 149.70 0.8937 1.7215 112472 0,8891
* 30 144.60 0.8292 1.6241 104929 0,9530
45 140.60 0.7786 1.5454 98895 1.0112
60 137.00 0.7331 1.4728 93378 1.0709
75 134.10 0.6964 1.4130 88873 1.1252
90 131.50 0.6635 1.3583 84790 1.1794
105 129.40 0.6369 1.3135 81461 1.2276
120 126.60 0.6015 1.2526 76982 1.2990
135 124.20 0.5712 1.1995 73105 1.3679
150 122.80 0.5534 1.1681 70829 1.4118
165 121.10 0.5332 1.1318 68214 1.4660
180 119.20 0.5079 1.0859 64926 1.5402
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Table 5.37 continued
(iii) -2Sulphuric acid concn. 4.03 x 10 
Solvent flow-time 79.05 sec.
mol/dm3
Time
min.
Flow-time „ En.]nr*
%  dl/f M + n lQS/ \
15 146.70 0.8558
30 140.80 0.7812
45 137.10 0.7343
60 132.40 0.6749
75 128.50 0.6256
90 125.60 0.5889
105 123.20 0.5585
120 120.30 0.5218
135 119.20 0.5130
150 116.60 0.4750
165 115.00 0.4548
180 113.50 0.4358
(iv) Sulphuric acid concn. 5 
Solvent flow-time 79.05
15 143.60 0.8166
30 135.70 0.7166
45 130.10 0.6458
60 125.80 0.5914
75 122.60 0.5509
90 119.20 0.5079
105 116.70 0.4763
120 114.30 0.4459
135 112.16 0.4188
150 110.80 0.4016
165 109.20 0.3814
180 107.60 0.3612
1.6646 108055 0.9255
1.5494 99199 1.0081
1.4748 93532 1.0692
1.3774 86208 1.1600
1.2941 80026 1.2496
1.2306 75371 1.3268
1.1771 71481 1.3990
1.1113 66737 1.4984
1.0952 65586 1.5247
1.0252 - 60622 1.6496
0.9873 57957 1.7254
0.9513 55448 1.8035
x 10"2 mol/dm3
1.6047 103430 0.9668
1.4461 91365 1.0945
1.3285 82574 1.2110
1.2350 75693 1.3211
1.1636 70503 1.4184
1.0859 64926 1.5402
1.0276 60788 1.6451
0.9705 56787 1.7610
0.9188 53198 1.8798
0.8856 50908 1.9643
0.8460 48206 2.0744
0.8059 45496 2.1980
* Solomon-Gotesman equation,
t K * 10.0023 x 10" 5 , a = 0.8386
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Table 5.37 continued
(iii) Sulphuric acid concn. 4.03 x 10"2 :mol/dm3
Solvent flow-time 79.05 sec■ •
Time
min.
Flow-time 
sec. nsp Cn-3SG* ' dl/g V 1Q5/Mn
15 146.70 0.8558 1.6646 108055 0.9255
30 140.80 0.7812 1.5494 99199 1,0081
45 137.10 0.7343 1.4748 93532 1.0692
60 132.40 0.6749 1.3774 86208 1.1600
75 128.50 0.625.6, 1.2941 80026 1.2496
90 125.60 0.5889 1.2306 75371 1.3268
105 123.20 0.5585 1.1771 71481 1.3990
120 120.30 0,5218 1.1113 66737 1.4984
135 119.20 0.5130 1.0952 65586 1.5247
150 116.60 0.4750 1.0252 • 60622 1.6496
165 115.00 0.4548 0.9873 57957 1.7254
180 113.50 0.4358 0.9513 55448 1.8035
(iv) Sulphuric acid concn. 5. 3528! x 10"2 mol/dm3
Solvent flow-time 79.05 sec.
15 143.60 0.8166 1.6047 103430 0.9668
30 135.70 0.7166 1.4461 91365 1.0945
45 130.10 0.6458 1.3285 82574 1.2110
60 125.80 0.5914 1.2350 75693 1.3211
•75 122.60 0.5509 1.1636 70503 1.4184
90 119.20 0.5079 1.0859 64926 1.5402
105 116.70 0.4763 1.0276 60788 1.6451
120 114.30 0.4459 0.9705 56787 1.7610
135 112.16 0.4188 0.9188 53198 1.8798
150 110.80 0.4016 0.8856 50908 1.9643
165 109.20 0.3814 0.8460 48206 2.0744
180 107.60 0.3612 0.8059 45496 2.1980
* Solomon-Gotesman equation.
t K = 10.0023 x 10'S , a “ 0 . 8386
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TABLE 5.38
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
(i) Sulphuric acid concn. 2. 
Solvent flow-time 110.90
117 x 10"2 
sec.
mol/dm3
Time
min.
Flow-time
sec. "sp ^ s g *
Mn t 10S/Mn
15 199.90 0.8025 1.5829 105211 0.9505
30 190.40 0.7169 1.4465 94894 1.0538
45 184.30 0.6619 1.3556 88092 1.1352
60 178.20 0.6069 1.2619 81152 1.2323
75 173.30 0.5627 1.1845 75478 1.3249
90 168.20 0.5167 1.1019 69480 1.4393
105 164.80 0.4860 1.0457 65431 1.5283
120 161.90 0.4599 0.9969 61946 1.6143
135 159.30 0.4364 0.9525 58798 1.7007
150 156.90 0.4148 0.9110 55873 1.7898
165 154.50 0.3931 0.8690 52930 1.8893
180 152.90 0.3787 0.8407 50959 1.9623
-2 3(ii) Sulphuric acid concn. 3.140 x 10 mol/dm 
Solvent flow-time 110.90 sec.
15 192.20 0.7331 1.4728 96874 1.0323
30 179.30 0.6168 1.2790 82413 1.2134
45 171.90 0.5500 1.1621 73814 1.3543
60 165.20 0.4896 1.0523 65909 1.5172
75 159.80 0.4409 0.9611 59405 1.6834
90 155.80 0.4049 0.8918 54527 1.8340
105 152.50 0.3751 0.8336 50466 1.9816
120 149.60 0.3490 0.781-5 46872 2.1335
135 147.20 0.3273 0.7378 43882 2.2788
150 145.10 0.3084 0.6991 41255 2.4240
165 143.00 0.2894 0.6600 38619 2.5894
180 141.80 0.2786 0.6374 37110 2.6947
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Table5.38 continued
X
(iii) Sulphuric acid concn. 4.083 x 10“2 
Solvent flow-time 110.90 sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp [n]qr*dl/g
M t n 105/Mn
15 186.80 0.6844 1.3932 90896 1.1002
30 174.50 0.5735 1.2036 76875 1.3008
45 166.20 0.4986 1.0689 67103 1.4902
60 158.80 0.4319 0.9439 58190 1.7185
75 153.60 0.3850 0.8531 51823 1.9297
90 149.70 0.3499 0.7833 46996 2.1278
105 146.40 0.3201 0.7231 42882 2.3320
120 143.60 0.2949 0.6712 38373 2.5398
135 141.30 0.2741 0.6279 36480 2.7412
150 139.30 0.2561 0.5899 33958 2.9448
165 137.50 0.2399 0.5552 31685 3.1561
180 136.00 0.2263 0.5261 29789 3.3569
(iv) Sulphuric acid concn. 5. 378 x 10“2 mol/dm3
Solvent flow-time 99.9 sec.
15 166.80 0.6697 1.3687 89066 1.1228
30 153.40 0.5355 1.1360 71950 1.3898
45 144.30 0.4444 0.9677 59877 1.6701
60 138.00 0.3814 0.8459 51324 1.9484
75 133.70 0.3383 0.7601 45406 2.2024
90 130.50 0.3063 0.6948 40966 2.4411
105 127.70 0.2783 0.6366 37061 2.6983
120 125.40 0.2553 0.5881 33842 2.9549
135 123.30 0.2342 0.5432 30897 3.2365
150 121.70 0.2182 0.5086 28652 3.4902
165 120.40 0.2052 0.4802 26827 3.7276
180 119.00 0.1912 0.4493 24863 4.0220
* Solomon-Gotesman equation,
t K = 6.5417 x 10' 5 , a = 0.8729
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TABLE 5.39
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i) Sulphuric acid concn. 1.942 
Solvent flow-time 96.18 sec
x 10“2
•
mol/dm3
Time
min.
Flow-time 
sec. *sp
C r|]Qr*
di/iG
M t n 105/Mn
15 149.10 0.5502 1.1624 79410 1.2593
30 141.70 0.4733 1.0220 68391 1.4622
45 136.50 0.4192 0.9195 60502 1.6528
60 132.30 0.3755 0.8344 54051 1.8501
75 129.80 0.3496 0.7827 50183 1.9927
90 127.00 0.3204 0.7238 45828 2.1821
105 125.20 0.3017 0.6854 43018 2.3246
120 123.40 0.2830 0.6465 40201 2.4875
135 122.10 0.2695 0.6182 38164 2.6203
150 121.00 0.2581 0.5940 36439 2.7443
165 119.80 0.2456 0.5675 34556 2.8939
180 119.00 0.2373 0.5497 33300 3.0030
(ii) Sulphuric acid concn. 2.957 x 10~2 mol/dm3 
Solvent flow-time 105.95 sec.
15 161.40 0.5234 1.1141 75592 1.3229
30 151.00 0.4252 0.9310 61381 1.6292
45 146.60 0.3837 0.8504 55257 1.8097
60 140.00 0.3214 0.7257 45968 2.1754
75 136.60 0.2893 0.6596 41146 2.4304
90 133.90 0.2638 0.6062 37306 2.6806
105 131.90 0.2449 0.5661 34457 2.9022
120 130.10 0.2279 0.5296 31893 3.1355
135 128.70 0.2147 0.5010 29899 3.3446
150 127.60 0.2043 0.4783 28334 3.5293
165 126.60 0.1949 0.4575 26913 3.7156
180 125.60 0.1855 0.4367 25494 3.9225
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Table 5.39 continued
(iii) Sulphuric acid concn. 4 
Solvent flow-time 96.18
.109 x 10”2 
sec.
mol/dm3
Time Flow-time ri „ £n]qr* M f 105/Mmin. sec. sp dl/|G n n
15 143.30 0.4899 1.0529 70795 1.4125
30 133.20 0.3849 0.8528 55439 1.8038
45 127.00 0.3204 0.7238 45828 2.1821
60 122.70 0.2757 0.6313 39104 2.5573
75 119.80 0.2456 0.5675 34556 2.8939
90 117.70 0.2237 0.5205 31260 3.1989
105 115.90 0.2050 0.4798 28438 3.5164
120 114.60 0.1915 0.4501 26404 3.7873
135 113.50 0.1801 0.4247 24685 4.0510
150 112.60 0.1707 0.4038 23283 4.2951
165 111.80 0.1624 0.3852 22038 4.5375
180 111.10 0.1551 0.3687 20952 4.7727
(iv) Sulphuric acid concn. 4. 965 x 10“2 mol/dm
Solvent flow-time 105.95 sec.
15 156.10 0.4733 1.0221 68399 1.4620
30 143.60 0.3554 0.7943 51048 1.9589
45 136.60 0.2873 0.6596 41146 2.4304
60 132.10 0.2468 0.5701 34742 2.8784
75 129.10 0.2185 0.5092 30469 3.2821
90 126.90 0.1977 0.4638 27339 3.6577
105 125.20 0.1817 0.4283 24927 4.0117
120 123.80 0.1685 0.3988 22946 4.3580
135 122.70 0.1581 0.3754 21395 4.6740
150 121.70 0.1487 0.3541 19989 5.0027
165 121.00 0.1420 0.3391 19008 5.2609
180 120.20 0.1345 0,3218 17891 5.5895
* Solomon- Gotesman equation, 9
t K = 6.9682 x 10”5 » a = 0.8617
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Fig. 5-39 Kinetic plots for CTP degradation in dichloro-
methane-propionic anhydride solution for H^SO^ catalyst 
concentrations at 25° C,
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TABLE 5.40
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Sulphuric acid concn. 2. 
Solvent flow-time 91.88
095
sec
x 10'2 mol/dm3
Time
min.
Flow-time n D 
sec. P
Cn]qr*
dl/|G
M t n 105/Mn
15 145.20 0.5803 1.2156 92656 1.0793
30 135.90 0.4791 1.0328 76404 1.3088
45 129.40 0.4084 0.8986 64799 1.5432
60 125.10 0.3616 0.8067 57032 1.7534
75 121.70 0.3246 0.7322 50854 1.9664
90 119.70 0.3028 0.6876 47209 2.1183
105 117.70 0.2810 0.6424 43559 2.2957
120 116.40 0.2669 0.6127 41186 2.4280
135 115.00 0.2516 0.5804 38632 2.5886
150 114.20 0.2429 0.5618 37173 2.6902
165 113.20 0.2320 0.5385 35350 2.8288
180 112.60 0.2255 0.5244 34258 2.9190
(ii) Sulphuric acid concn. 3 
Solvent flow-time 91.88
.186 x 10'2 
sec.
mol/dm3
. 15 140.40 0.5281 1.1226 84324 1.1859
30 128.70 0.4007 0.8838 63539 1.5738
45 122.40 0.3322 0.7476 52128 1.9184
60 118.00 0.2843 0.6492 44107 2.2672
75 115.20 0.2538 0.5850 38996 2.5643
90 113.00 0.2299 0.5338 ' 34986 2.8583
105 111.40 0.2125 0.4960 32077 3.1175
120 110.10 0.1983 0.4650 29719 3.3648
135 108.90 0.1852 0.4362 27551 3.6297
150 108.10 0.1765 0.4168 26109 3.8300
165 107.30 0.1678 0.3973 24673 4.0531
180 106.80 0.1624 0.3851 23777 4.2057
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Table 5.^0 continued
-2(iii) Sulphuric acid concn. 4.083 x 10 
Solvent flow-time 101.63 sec.
mol/dm3
Time
min.
Flow-time
sec. nsp Cnlcr*di/IG
M t n ■ i o 5/m n
15 148.90 0.4651 1.0067 74124 1.3491
30 137.20 0.3500 0.7836 55104 1.8147
45 130.40 0.2831 0.6467 43906 2.2776
60 126.00 0.2398 0.5551 36648 2.7287
75 123.20 0.2122 0.4955 32042 3.1209
90 120.90 0.1896 0.4458 28275 3.5367
105 119.30 0.1739 0.4109 25669 3.8958
120 118.00 0.1611 0.3822 23562 4.2442
135 117.00 0.1512 0.3599 21949 4.5560
150 116.20 0.1434 0.3421 20665 4.8391
165 115.50 0.1365 0.3263 19546 5.1162
180 115.00 0.1316 0.3151 18750 5.3334
(iv) Sulphuric acid concn. 5. 343 x 10"2 mol/dm3
Solvent flow-time 101.63 sec.
15 145.90 0.4356 0.9509 69289 1.4432
30 132.50 0.3037 0.6896 47370 2.1110
45 126.20 0.2418 0.5593 36977 2.7044
60 122.40 0.2044 0.4783 30729 3.2542
. 75 119.90 0.1798 0.4240 26644 3.7531
90 118.00 0.1611 0.3822 23562 4.2442
105 116.60 0.1473 0.3510 21306 4.6935
120 115.50 0.1365 0.3263 19546 5.1162
135 114.60 0.1276 0.3060 18115 5.5204
150 113.80 0.1197 0.2879 16850 5.9346
165 113.50 0.1168 0.2810 16378 6.1056
180 112.90 0.1109 0.2673 15438 6.4776
* Solomon-Gotestnan equation.
t K * 7.7144 x 10"5 > a = 0.8451
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Fig. 5-40 Kinetic plots for CTP degradation in dichloro-
methane-propionic anhydride solution for H^SO^ catalyst
Oconcentrations at 30 C ,
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TABLE 5.40 a
EFFECT OF SULPHURIC ACID CONCENTRATION ON CTP DEGRADATION
IN DICHLOROMETHANE-PROPIONIC ANHYDRIDE SOLUTION AT VARIOUS
TEMPERATURES
E X P E R I M E N T A L C A L C U Ij A T E D *
Concn/10“2 
mol/dm-3
Initial slope 
10“3 10bk/min"l
C oncn/10"2 
mol/dm“3 lO^k/min-1
15°C
1.0757 1.9704 0.6509 2.00 1.2285
2.0493 3.8783 1.2812 3.00 1.8802
3.0531 5.3190 1.7571 4.00 2.5318
3.6718 7.3570 2.4303 5.00 3.1835
20°C
2.1770 6.6655 2.2019 2.00 2.0277
3.1400 10.0491 3.3196 3.00 3.1301
4.0830 13.0627 4.3151 4.00 4.2326
5.3780 17.3956 5.7465 5.00 5.3350
2 5°C 
1.9420 10.7778 3.5603 2.00 '3.6988
2.9570 16.1165 5.3239 3.00 5.2351
4.0190 20.0694 6.6297 4.00 6.7713
4.9650 25.1838 8.3192 5.00 8.3076
30°C
2.0950 17.2110 5.6855 2.00 5.5509
3.1860 27.4785 9.0773 3.00 8.3999
4.0830 35.0649 11.5834 4.00 11.2488
5.3430 45.3025 14.9653 5.00 14.0977
* Calculated by least squares method
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Fig. 5-40 b 103/ T
Arrhenius plots for sulphuric acid catalysed 
degradation of CTP in dichloromethane - propionic anhydride 
solution.
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TABLE 5.41
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 15* C .
(i) Ferric chloride concn. 6 
Solvent flow-time 87.90
.6056 x 10"2 
sec.
mol/dm3
Time
min.
Flow-time 
sec. nsp Cn]qr*di/iG
Mnt lo5/Mn
15 171.00 0.9454 1.7971 118390 • 0.8447
30 * 167.80 0.9090 1.7440 114230 0.8754
45 165.90 0.8874 1.7120 111735 0.8950
60 164.30 0.8692 1.6848 109619 0.9123
75 162.20 0.8453 1.6487 106822 0.9361
90 160.50 0.8259 1.6191 104540 0.9566
105 158.40 0.8020 1.5821 101701 0.9833
120 157.10 0.7873 1.5590 99932 1.0007
135 155.70 0.7713 1.5339 98018 L .0202
150 154.00 0.7520 1.5032 95679 1.0452
165 152.70 0.7372 1.4795 93880 1.0652
180 151.90 0.7281 1.4648 92769 1.0779
(ii) Ferric chloride concn. 
Solvent flow-time 87.90
12.1756 x 10 
sec.
"2 mol/dm3
15 170.80 0.9431 1.7939 118132 0.8465 .
30 167.30 0.9033 1.7356 113575 0.8805
45 163.60 0.8612 1.6728 108689 0.9201
60 161.00 0.8316 1.6278 105213 0.9505
75 157.10 0.7873 1.5590 99932 1.0007
90 154.70 0.7600 1.5159 96644 1.0347
105 152.10 0.7304 1.4684 93047 1.0747
120 150.00 0.7065 1.4296 90117 1.1097
135 147.80 0.6815 1.3883 87024 1.1491
150 145.40 0.6542 1.3426 83621 1.1959
165 144.00 0.6382 1.3157 81623 1.2251
180 142.90 0.6257 1.2943 80046 1.2493
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Table 5.41 continued
(iii) Ferric chloride concn. 18.454 x 10~2 mol/dm3
Solvent flow-time 79.05 sec •
Time
min.
Flow-time
sec. "sp rn/SG*dl K Mn f
105/Mn
15 154.50 0.9545 1.8102 119418 0.8374
30 149.00 0.8849 1.7083 111446 0.8973
45 144.30 0.8254 1.6183 104480 0.9571
60 139.20 0.7609 1.5174 96759 1.0335
75 136.20 0.7230 1.4564 92140 1.0853
90 133.20 0.6850 1.3942 87464 1.1433
105 130.60 0.6521 1.3392 83366 1.1995
120 128.10 0.6205 1.2854 79387 1.2596
135 125.70 0.5901 1.2328 75532 1.3239
150 124.00 0.5686 1.1951 72781 1.3740
165 121.90 0.5421 1.1478 69360 1.4418
180 120.40 0.5231 1.1136 66902 1.4947
Civ) Ferric chloride concn. 24.0522 x 10-2 mol/dm3
Solvent flow-time 79.05 sec.
15 152.10 0.9241 1.7662 115963 0.8623
30 146.60 0.8545 1.6627 107907 0.9267
45 140.50 0.7774 1.5435 98743 1.0127
60 136.40 0.7255 1.4605 92450 1.0817
. 75 133.00 0.6825 1.3900 87151 1.1474
90 129.40 0.6369 1.3135 81460 1.2276
105 126.20 0.5965 1.2438 76338 1.3100
120 124.00 0.5686 1.1951 72781 1.3740
135 121.50 0.5370 1.1387 68706 1.4555
150 120.00 0.5180 1.1044 66244 1.5096
165 117.70 0.4889 1.0510 62447 1.6014
180 116.30 0.4712 1.0181 60123 1.6633
Soloraon-Gotesman equation.
K= 10.0023 x 10“5 , a=0,8386
1
0
/
 
M
n
232
60 120 180 
minutes
Fig. 5-41 Kinetic plots for CTP degradation in dichloro- 
methane-propionic anhydride solution for FeCl catalyst con-Ocentrations at 15 C.
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TABLE 5 , 4 2
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF
CELLULOSE TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE
CONTAINING 2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
(i) Ferric chloride concn. 1 
Solvent flow-time 99.90
.255 x 10"1 
sec.
mol/dm3
Time
min.
Flow-time
sec. nsp dl/gG
Mnt 10b/Mn
15 203.60 1.0380 1.9280 131883 0.7582
30 197.30 0.9750 1.8396 124979 0.8001
45 189.50 0.8969 1.7262 116193 0.8606
60 184.60 0.8478 1.6526 110535 0.9047
75 180.10 0.8028 1.5833 105244 0.9502
90 175.70 0.7588 1.5140 99982 1.0002
105 172.50 0.7267 1.4625 96099 1.0406
120 169.60 0.6977 1.4151 92539 1.0806
135 167.00 0.6717 1.3720 89315 1.1196
150 164.80 0.6496 1.3350 86563 1.1552
165 166.00 0.6617 1.3552 88067 1.1355
180 162.20 0.6236 1.2907 83282 1.2007
(ii) Ferric chloride concn. 
Solvent flow-time 99.90
1.534 x 10" 
sec.
F mol/dm3
15 202.80 1.0300 1.9169 131016 0.7633
30 195.80 0.9600 1.8181 123310 0.8110
45 188.50 0.8869 1.7113 115047 0.8692
60 182.20 0.8238 1.6158 107724 0.9283
75 177.40 0.7758 1.5410 102025 0.9802
90 173.10 0.7227 1.4722 96830 1.0327
105 169.60 0.6977 1.4151 92539 1.0806
120 166.50 0.6667 1.3636 88692 1.1275
135 163.90 0.6406 1.3198 85431 1.1705
150 161.70 0.6186 1.2822 82648 1.2100
165 159.40 0.5956 1.2423 79714 1.2545
180 157.60 0.5776 1.2108 77402 1.2920
23^ t
Table 5*k2 continued
(iii ) Ferric chloride concn. 1 
Solvent flow-time 110.90
.850 x 10-1 
sec.
mol/dm3
Time
min.
Flow-time
sec. nsp ^ S G *
Mnt 105/Mn
15 226.70 1.0442 1.9365 132547 0.7544
30 215.30 0.9414 1.7914 121232 0.8249
45 207.30 1.6849 1.6849 113017 0.8848
60 199.90 1.5829 1.5829 105211 0.9505
75 194.60 1.5076 1.5076 99496 1.0051
90 189.90 1.4392 1.4392 94331 1.0600
105 185.90 1.3797 1.3797 89889 1.1125
120 182.30 1.3252 1.3252 85831 1.1651
135 179.20 1.2774 1.2774 82299 1.2151
150 176.60 1.2368 1.2368 79309 1.2609
165 174.30 1.2005 1.2005 76643 1.3048
180 172.60 1.1733 1.1733 74660 1.3394
(iv) Ferric chloride concn. 2. 148 x 10”1 mol/dm3
Solvent flow-time 110.90 sec.
15 227,00 1.0469 1.9402 132839 0.7528
30 213.50 ■ 0.9252 1.7677 119404 0.8375
45 204.20 0.8413 1.6426 109771 0.9110
60 197.90 0.7845 1.5547 103067 0.9702
‘ 75 191.70 0.7286 • 1.4655 96325 1.0382
90 185.90 0.6763 1.3797 89889 1.1128
105 182.60 0.6465 1.3297 86171 1.1605
120 178.90 0.6132 1.2728 81955 1.2202
135 175.70 0.5843 1.2226 78268 1.2777
150 173.10 0.5609 1.1813 75244 1.3290
165 170.60 0.5383 1.1411 72314 1.3829
180 168,80 0.5221 1.1118 70191 1.4247
* Solomon-Gotesman equation,
t K = 6.5417 x 10"5 9 a = 0.8729
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Fig. 5-42 Kinetic plots for CTP degradation in diehloro-
ine thane-propionic anhydride solution for FeCl^ catalys^ con­
centrations at 20 C
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TABLE 5.*t3
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
(i) Ferric chloride concn. 1 
Solvent flow-time 96.18
.320 x 10'1 
sec.
mol/dm3
Time
min.
Flow-time
sec. nsp d?/SG*dl/g
Mnt 105/MR
15 169.50 0.7623 1.5196 108382 0.9227
30 160.60 0.6698 1.3689 96003 1.0416
45 152.80 0.5887 1.2303 84821 1.1790
60 147.20 0.5305 1.1269 76605 1.3054
75 142.50 0.4816 1.0374 69594 1.4369
• 90 138.90 0.4442 0.9672 64157 1.5587
105 135.80 0.4119 0.9055 59431 1.6826
120 133.00 0.3828 0.8488 55131 1.8139
135 131.00 0.3620 0.8076 52042 1.9215
150 129.40 0.3454 0.7743 49562 2.0177
165 127.60 0.3267 0.7365 46763 2.1385
180 126.20 0.3121 0.7068 44580 2.2432
(ii) Ferric chloride concn. 
Solvent flow-time 105.
1.
95
560 x 10 
sec.
mol/dm3
15 183.90 0.7357 1.4771 104866 0.9536
30 174.20 0.6442 1.3258 92505 1.0810
45 166.30 0.5696 1.1968 82145 1.2174
60 159.70 0.5073 1.0848 73297 1.3643
75 154.50 0.4582 0.9938 66207 1.5104
90 150.60 0.4214 0.9238 60827 1.6440
105 147.30 0.3903 0.8634 56235 1.7783
120 144.50 0.3639 0.8112 52313 1.9116
135 142.20 0.3421 0.7678 49076 . 2.0377
150 140.20 0.3233 0.7296 46251 2.1621
165 138.60 0.3082 0.6986 43985 2.2735
180 137.30 0.2959 0.6733 42141 2.3730
237
Table 5.^3 continued
(iii) Ferric chloride concn. 1.934 x 10*"1 mol/dm3
Solvent flow- time 96,18 sec.
Time 
min.
Flow-time
sec. "sp Cnlcr*dl/g V
105/Mn
. 15 166.90 0.7353 1.4764 104808 0.9541
30 155.40 0.6157 1.2772 88582 1.1289
45 147.60 0.5347 1.1344 77197 1.2954
60 141.70 0.4733 1.0220 68391 1.4622
75 137.40 0.4286 0.9375 61875 1.6162
90 134.00 0.3932 0.8691 56670 1.7646
105 131.40 0.3662 0.8159 52661 1.8989
120 128.90 0.3402 0.7639 48785 2.0498
135 127.10 0.3215 0.7259 45983 2.1747
150 125.50 0.3048 0.6918 43486 2.2996
165 124.00 0.2892 0,6595 41141 2.4307
180 123.00 0.2789 0.6378 39574 2.5269
(iv) Ferric chloride concn. 2.265 x 10_1 mol/dm3 
Solvent flow-time 105.95 sec.
15 181.70 0.7150 1.4434 102097 0.9795
30 166.50 0.5715 1.2001 82411 1.2134
45 157.80 0.4894 1.0519 70718 1.4141
60 151.40 0.4290 0.9383 61935 1.6146
75 147.20 0.3893 0.8615 56095 1.7827
90 143.80 0.3572 0.7981 51329 1.9482
105 141.10 0.3318 0.7468 47523 2.1042
120 139.00 0.3119 0.7064 44552 2.2446
135 137.30 0.2959 0.6733 42141 2.3730
150 136.10 0.2846 0.6498 40436 2.4731
165 134.60 0.2704 0.6201 38302 2.6108
180 133.90 0.2638 0.6062 37306 2.6806
* Solomon-Gotesman equation,
+ K - 6.9682 x 10" 5 , a = 0.8617
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Fig. 5-43 Kinetic plots for CTP degradation in dichloro-
metane-propionic anhydride solution for FeCl catalyst con-
©centrations at 25 C ,
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TABLE 5. ^ a
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE
TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE CONTAINING
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
(i) Ferric chloride concn. 5 
Solvent flow-time 91.88
.485 x 10'2 
sec.
mol/dm3
Time 
min.
Flow-time
sec. ^sp
Cn]qr*dl/g
M t n 105/Mn
15 158.00 0.7196 1.4510 114243 0.8753
30 151.60 0.6500 1.3356 103568 0.9655
45 146.00 0.5890 1.2309 94033 1.0635
60 141.70 0.5422 1.1481 86593 1.1548
75 138.20 0.5041 1.0790 80464 1.2428
90 135.40 0.4737 1.0227 75518 1.3242
105 133.00 0.4475 0.9736 71249 1.4035
120 131.20 0.4279 0.9363 68030 1.4699
135 129.50 0.4094 0.9007 64979 1.5390
150 128.00 0.3931 0.8689 62277 1.6057
165 126.60 0.3779 0.8390 59748 1.6737
180 125.50 0.3659 0.8153 57757 1.7314
(ii) -2Ferric chlorideconcn. 8.414 x 10 
Solvent flow-time 101.63 sec.
mol/dm3
15 171.90 0.6914 1.4048 109950 0.9095
30 162.30 0.5970 1.2447 95285 1.0495
45 155.30 0.5281 1.1226 84326 1.1859
60 150.00 0.4759 1.0269 75889 1.3177
75 145.80 0.4346 0.9490 69127 1.4466
90 142.50 0.4021 0.8865 63771 1.5681
105 139.70 0.3746 0.8325 59202 1.6891
120 137.50 0.3529 0.7895 55597 1.7987
135 135.40 0.3323 0.7479 52146 1.9177
150 133.70 0.3156 0.7138 49348 2.0264
165 132.40 0.3028 0.6875 47205 2.1184
180 131.30 0.2919 0.6651 45391 2.2031
2k0
Table 5*kka continued
(iii) Ferric chloride concn. 1 
Solvent flow-time 91*88
.242 x 10"1 
sec.
mol/dm3
Time Flow-time ri Cnlcrr* M f i o 5/m _min. sec. sp ai/iG n n
15 153.70 0.6728 1.3739 107097 0.9337
30 142.70 0.5531 1.1675 88332 1.1321
45 134.50 0.4639 1.0044 73920 1.3528
60 129.50 0.4094 0.9007 64979 1.5390
75 125.70 0.3681 0.8197 58119 1.7206
90 123.00 0.3387 0.7609 53219 1.8790
105 120.80 0.3148 0.7122 49214 2.0319
120 118.90 0.2941 0.6696 45749 2.1858
135 117.60 0.2799 0.6401 43377 2.3054
150 116.30 0.2658 0.6104 41004 2.4388
165 115.50 0.2571 0.5920 39544 2.5288
180 114.50 0.2462 0.5688 37720 2.6511
(iv) Ferric chloride concn. 1. 865 x 10_1 mol/dm3
Solvent flow-time 101.63 sec.
15 163.10 0.6048 1.2584 96524 1.0360
30 149.40 0.4700 1.0159 74927 1.3346
45 141.50 0.3923 0.8673 62142 1.6092
60 136.80 0.3461 0.7757 54448 1.8366
• 75 132.70 0.3057 0.6936 47700 2.0965
90 131.10 0.2900 0.6610 45061 2.2192
105 129.10 0.2703 0.6199 41760 2.3946
120 127.60 0.2555 0.5887 39286 2.5455
135 126.20 0.2418 0.5593 36977 2.7044
150 124.90 0.2290 0.5318 34836 2.8706
165 124.20 0.2221 0.5169 33685 2.9687
180 123.40 0.2142 0.4998 32370 3.0893
* Solo mo n-G o t e sman equation
t K =‘ 7.7144 x 10“5 9 a = 0.8451
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Fig .  5 -A A  Kinetic plots for CTP degradation in dichloro- 
ethane-propionic anhydride solution for FeCl catalyst con-
O ^centrations at 30 C ,
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EFFECT OF FERRIC CHLORIDE ON CTP DEGRADATION IN 
DICHLOROMETHANE-PROPIONIC ANHYDRIDE SOLUTION AT 
VARIOUS TEMPERATURES
TABLE 5.44a
E X P E R I M E N T A L C A L C U L A T E D *
Concn/10-2 
mol dm"3
Initial slope 
10" 3 103k/min“i
Concn/10"2 
mol dm-3 10bk/min"^-
15°C
8.6040 1.4184 0.4686 12.00 0.6094
14.1740 1.8987 0.6272 15.00 0.7905
18.4540 3.1147 1.0289 18.00 0.9717
26.0500 4.4717 1.4772 21.00 1.1529
20°C
12.5500 4.0960 1.3531 12.00 1.2548
15.3400 4.4762 1.4787 15.00 1.5161
18.5000 5.4725 1.8079 18.00 1.7773
21.4800 6.3869 2.1099 21.00 2.0385
2 5°C
1312000 8.8355 2.9187 12.00 2.4428
16.6000 10.4701 3.4587 15.00 3.2117
19.3400 12.5368 4.1414 18.00 3.9806
22.6500 16.1945 5.3497 21.00 4.7495
30°C
5.4850 7.1568 2.3642 12.00 4.9762
8.4140 10.5600 3.4884 15.00 6.2392
12.4200 14.6524 4.8403 18.00 7.5022
18.6500 24.0228 7.9357 21.00 8. 7652
* Calculated by least squares method
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Arrhenius plots for ferric chloride catalysed 
degradation of CTP in dichloromethane-propionic anhydride 
solution.
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TABLE 5 A 5
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF
CELLULOSE TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE
CONTAINING 2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 15°C
-2 3(i) Antimony pentachloride concn. 3.7339 x 10 mol/dm 
Solvent flow-time 87.90 sec.
Time
min.
Flow-time 
sec. nsp Cn]qr* .. dl/g
M tn 105/Mn
15 169.70 0.9306 1.7757 116707 0.8568
30 167.20 0.9022 1.7340 113444 0.8815
45 167.60 0.9067 1.7407 113968 0.8774
60 166.40 0.8931 1.7205 112393 0.8897
75 165.40 0.8817 1.7035 111075 0.9003
90 163.40 0.8589 1.6694 108423 0.9223
105 162.70 0.8510 1.6573 107490 0.9303
120 161.90 0.8419 1.6435 106420 0.9397
135 160.20 0.8225 1.6138 104136 0.9603
150 159.40 0.8134 1.5998 103056 0.9703
165 158.70 0.8055 1.5874 102108 0.9794
180 158.30 0.8009 1.5804 101566 0.9846
(ii) Antimony pentachloride concn. 6.7036 x 10~2 mol/dm3
Solvent flow-time 79.05 sec.
15 149.70 0.8937 1.7215 112472 0.8891
30 144.90 0.8330 1.6300 105377 0.9490
45 142.70 0.8052 1.5870 102076 0.9797
60 138.80 0.7559 1.5093 96147 1.0401
75 135.90 0.7192 1.4503 91675 1.0908
90 133.40 0.6875 1.3984 87778 1.1392
105 131.70 0.6660 1.3626 85105 1.1750
120 128.90 0.6306 1.3027 80665 1.2397
135 126.90 0.6053 1.2592 77464 1.2909
150 125.10 0.5825 1.2195 74563 1.3411
165 124.00 0.5686 1.1951 72781 1.3740
180 121.90 0.5421 1.1478 69360 1.4418
2 A6
Table 5.^5 continued
(iiij) Antimony pentachloride 
Solvent flow-time 87.90
concn. 9.9525 
sec.
x 10 2 mol/dm3
Time
min.
Flow-time 
sec. nsp Cnlc-r*dl/lG
M t n 105/Mn
15 159.30 0.8123 1.5980 102921 0.9716
30 153.10 0.7418 1.4868 94435 1,0589
45 143.30 0.6303 1.3021 80620 1.2404
60 137.00 0.5586 1.1773 71491 1.3988
75 133.70 0.5210 1.1099 66637 1.5007
90 129.30 0.4710 1.0177 60093 1.6641
105 125.90 0.4323 0.9446 54985 1.8187
120 123.30 0.4027 0.8877 51053 1.9587
135 121.20 0.3788 0.8409 47863 2.0893
150 119.20 0.3561 0.7958 44815 2.2314
165 117.50 0.3367 0.7569 42218 2.3687
180 116.00 0.3197 0.7222 39923 2.5048
(iv) Antimony pentachloride concn. 16.1862 
Solvent flow-time 79.05 sec.
mol/dm3
15 127.30 0.6104 1.2680 78106 1.2803
30 118.00 0.4927 1.0580 62944 1.5887
45 110.90 0.4029 0.8880 51077 1.9578
60 105.90 0.3397 0.7628 42609 2.3469
. 75 102.60 0.2979 0.6775 36992 2.7033
90 99.90 0.2638 0.6061 32392 3.0872
105 97.90 0.2365 0.5522 28989 3.4495
120 96.40 0.2195 0.5113 26445 3.7815
135 94.90 0.2005 0.4699 23910 4.1824
150 94.00 0.1891 0.4448 22395 4.4654
165 93.00 0.1765 0.4167 20718 4.8267
180 91.90 0.1626 0.3855 18884 5.2956
* Solomon-Gotesman equation
t K ~ 10.0023 x IQ' 3 , a = 0.8386
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Fig. 5-45 Kinetic plots for CTP degradation in dicloro-
methane-propionic anhydride solution for antimony pentachloride
ocatalyst concentrations at 15 C ,
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TABLE 5.46
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF
CELLULOSE TRIPROPIONATE (4g/dm3)'IN DICHLOROMETHANE
CONTAINING 2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 20°C
- 2 3(i) Antimony pentachloride concn. 6.834 x 10 mol/dm 
Solvent flow-time 99.90 sec.
Time
min.
Flow-time
sec. nsp [nlrp*dl/g Mn+
105/Mn
15 196.30 0.9650 1.8253 123868 0.8073
30 188.30 0.8849 1.7083 114817 0.8710
45 181.90 0.8208 1.6112 107371 0.9313
60 176.40 0.7658 1.5251 100825 0.9918
75 170.30 0.7047 1.4266 93402 1.0706
90 167.70 0.6787 1.3837 90186 1.1088
105 163.40 0.6356 1.3113 84800 1.1792
120 161.60 0.6176 1.2804 82521 1.2118
135 158.20 0.5836 1.2214 78174 1.2792
150 156.20 0.5636 1.1861 75593 1.3229
165 154.00 0.5415 1.1468 72734 1.3749
180 152.40 0.5255 1.1180 70641 1.4156
(ii) Antimony pentachloride concn. 1.013 o6
rH1oT—1X 1/dm3
Solvent flow- time 99.90 sec.
15 184.70 0.8488 1.6541 110651 0.9037
30 171.80 0.7197 1.4512 95243 1.0499
45 163.40 0.6356 1.3113 84800 1.1792
60 156.30 0.5646 1.1879 75723 1.3206
75 150.70 0.5085 1.0870 68405 1.4619
90 146.70 0.4685 1.0130 63095 1.5849
105 143.10 0.4324 0.9449 58259 1.7165
120 140.80 0.4094 0.9006 55143 1.8135
135 138.60 0.3874 0.8577 52144 1.9177
150 136.70 0.3684 0.8202 49541 2.0185
165 135.10 0.3524 0.7883 47339 2.1124
180 133.70 0.3383 0.7601 45406 2.2024
249
Table 5.46 continued
(iii) Antimony pentachloride concn. 1.321 
Solvent flow-time 110.90 sec.
x 10~F mol/dm3
Time
min.
Flow-time 
sec. nsp [ n ] g r *dl/f
M t n 105/Mn
15 190.90 0.7214 1.4538 95445 1.0477
30 175.20 0.5798 1.2147 77688 1.2872
45 164.30 0.4815 1.0373 64832 1.5424
60 157.80 0.4229 0.9266 56972 1.7552
75 152.70 0.3769 0.8371 50713 1.9719
90 149.00 0.3436 0.7706 46126 2.1680
105 146.10 0.3174 0.7176 42507 2.3526
120 143.80 0.2967 0.6749 39624 2.5237
135 142.00 0.2804 0.6411 37361 2.6766
150 140.50 0.2669 0.6128 35472 2.8191
165 139.30 0.2561 0.5899 33958 2.9448
180 138.10 0.2453 0.5668 32443 3.0823
Civ) Antimony pentachloride concn. 1.704 x 10-1 mol/dm3
Solvent flow-time 110.90 sec.
15 180.00 0.6231 1.2898 83214 1.2017
30 160.60 0.4482 0.9748 60375 1.6563
45 151.60 0.3670 0.8175 49353 2.0262
60 146.00 0.3165 0.7157 42382 2.3595
. 75 142.40 0.2840 0.6487 37865 2.6410
90 139.60 0.2588 0.5956 34337 2.9123
105 137.50 0.2399 0.5552 31685 3.1561
120 136.00 0.2263 0.5261 29789 3.3569
135 134.80 0.2155 0.5027 28272 3.5371
150 133.90 0.2074 0.4850 27134 3.6854
165 133.10 0.2002 0.4691 26123 3.8281
180 132.70 0.1966 0.4612 25617 3.9036
* Solomon-Gotesman equation
t K = 6.5417 x 10'3 s a = 0.8729
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Fig. 5-46 Kinetic plots for CTP degradation in dichloro-
methane-propionic anhydride solution for antimony pentachloride
0catalyst concentrations at 20 C.
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TABLE 5 , k7
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF
CELLULOSE TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE
CONTAINING 2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 25°C
-  2 3(i) Antimony pentachloride concn. 7.207 x 10 mol/dm 
Solvent flow-time 96.18 sec.
Time
min.
Flow-time 
sec. nsp ^ S G *
M f n 105/Mn
15 166.00 0.7259 1.4612 103563 0.9656
30 158.00 0.6428 1.3234 92310 1.0833
45 151.00 0.5700 1.1974 82197 1.2166
60 146.90 0.5273 1.1213 76161 1.3130
75 143.40 0.4910 1.0548 70945 1.4095
90 139.80 0.4535 0.9849 65522 1.5262
105 136.40 0.4182 0.9175 60349 1.6570
120 134.20 0.3953 0.8732 56978 1.7551
135 132,30 0.3755 0.8344 54051 1.8501
150 130.50 0.3568 0.7972 51268 1.9505
165 128.90 0.3402 0.7639 48785 2.0498
180 126.80 0.3184 0.7195 45516 2.1970
C iiJ Antimony pentachloride concn. 1.028 
Solvent flow-time 105.95 sec.
X 10 ^mol/dm3
15 173.80 0.6404 1.3194 91986 1.0871
30 159.70 0.5073 1.0848 73297 1.3643
45 151.60 0.4309 0.9419 62211 1.6074
60 144.50 0.3639 0.8112 52313 1.9116
75 139.70 0.3185 0.7199 45543 2.1957
90 136.60 0.2893 0.6596 41146 2.4304
105 133.20 0.2572 0.5922 36309 2.7542
120 131.50 0.2412 0.5580 33887 2.9510
135 129.20 0.2194 0.5112 30611 3.2668
150 127.70 0.2053 0.4803 28477 3.5117
165 126.40 0.1930 0.4534 26629 3.7553
180 125.10 0.1807 0.4262 24785 4.0346
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Table 5.4? continued
(iii) Antimony pentachloride concn. 1.358 x 10”'* mol/dm3
Solvent flow-time 105.95 sec.
Time
min.
Flow-time 
sec. nsp [nlqr*dl/g
M t n 105/Mn
15 159.20 0.5026 1.0762 72619 1.3770
30 143.90 0.3582 0.8000 51470 1.9429
45 136.00 0.2836 0.6478 40293 2.4818
60 130.90 0.2355 0.5459 33032 3.0273
75 127.40 0.2025 0.4741 28050 3.5651
90 125.00 0.1798 0.4241 24644 4.0578
105 123.00 0.1609 0.3818 21818 4.5835
120 121.50 0.1468 0.3498 19709 5.0739
135 120.20 0.1345 0.3218 17891 5.5895
150 119.40 1.1269 0.3045 16777 5.9605
165 118.70 0.1203 0.2892 15807 6.3263
180 118.00 0.1137 0.2739 14841 6.7382
(iv) Antimony pentachloride concn. 17.65 x 102 mol/dm3 
Solvent flow-time 96.18 sec.
15 134.20 0.3953 0.8732 56978 1.7551
30 120.30 0.2508 0.5786 35340 2.8296
45 114.70 0.1926 0.4524 26560 3.7650
60 111.20 0.1562 0.3711 21107 4.7377
. 75 109.10 0.1343 0.3214 17866 5.5972
90 107.70 0.1198 0.2879 15724 6.3596
105 106.80 0.1104 0.2662 14358 6.9649
120 105.90 0.1011 0.2444 13001 7.6918
135 105.30 0.0948 0.2298 12103 8.2627
150 104.90 0.0907 0.2200 11507 8.6906
165 104.40 0.0855 0.2077 10766 9.2889
180 104.10 0.0823 0.2004 10323 9.6870
* Solomon-Gotesman equation
+ K = 6. 9682 x lCf5 , a = 0.8617
10 
/M
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Fig. 5-47 Kinetic plots for CTP degradation in dichlorometh­
ane -propionic anhydride solution for antimony pentachloride 
catalyst concentrations at 25° C ,
25*1
TABLE 5,48
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF
CELLULOSE TRIPROPIONATE (4g/dm3) IN DICHLOROMETHANE
CONTAINING 2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C
-2 3(i) Antimony pentachloride concn. 7.20 x 10 mol/dm 
Solvent flow-time 91.88 sec.
Time 
min.'
Flow-time 
sec. ^sp Cnlcr*dl/g
M t n 105/Mn
15 153.50 0.6707 1.3703 106762 0.9367
30 144.80 0.5760 1.2080 91967 1.0873
45 138.70 0.5096 1.0890 81344 1.2294
60 133.50 0.4530 0.9839 72140 1.3862
75 129.20 0.4062 0.8944 64439 1.5519
90 126.10 0.3724 0.8283 58844 1.6994
105 123.50 0.3441 0.7718 54128 1.8475
120 121.90 0.3267 0.7366 51218 1.9524
135 119.90 0.3050 0.6921 47573 2.1020
150 118.90 0.2941 0.6696 45749 2.1858
165 117.30 0.2767 0.6333 42829 2.3349
180 116.70 0.2701 0.6196 41734 2.3961
(ii) Antimony pentachloride concn. 1.022 x 10"1 mol/dm3
Solvent flow- time 91.88 sec.
15 143.00 0.5564 1.1733 88853 1.1255
30 129.80 0.4127 0.9070 65518 1.5263
45 122.80 • 0.3365 0.7565 52855 1.8920
60 118.20 0.2865 0.6537 44472 2.2486
75 114.40 0.2451 0.5665 37537 2.6640
90 112.00 0.2190 0.5102 33167 3.0151
105 110.20 0.1994 0.4674 29901 3.3444
120 108.70 0.1831 0.4313 27190 3.6778
135 107.70 0.1722 0.4071 25390 3.9385
150 106.70 0.1613 0.3827 23593 4.2376
165 105.90 0.1526 0.3630 22171 4.5105
180 105.30 0.1461 0.3482 21104 4.7384
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Table 5,^:8 continued
(i i i') Antimony pentachloride concn. 1.315 
Solvent flow-time 101.63 sec.
x 10"1 mol/dm3
Time
min.
Flow-time
sec. ^sp dl/|G
Mnt 10S/Mn
15 145.00 0.4267 0.9340 67832 1.4742
30 132.00 0.2988 0.6794 46545 2.1484
45 124.90 0.2290 0.5318 34836 2.8706
60 121.00 0.1906 0.4480 28438 3.5164
75 118.20 0.1630 0.3866 23885 4.1867
90 116.40 0.1453 0.3465 20985 4.7652
105 115.10 0.1325 0.3173 18909 5.2886
120 114.00 0.1217 0.2924 17166 5.8256
135 113.20 0.1138 0.2742 15907 6.2863
150 112.60 0.1079 0.2605 14970 6.6802
165 112.00 0.1020 0.2467 14037 7.1239
180 111.70 0.0991 0.2398 13573 7.3674
(iv) Antimony pentachloride concn. 1.690 
Solvent flow-time 101.63 sec.
x 10 * mol/dm3
15 133.40 0.3126 0.7078 48853 2.0469
30 121.80 0.1985 0.4654 29747 3.3617
45 116.40 0.1453 0.3465 20985 4.7652
60 114.10 0.1227 0.2947 17324 5.7725
75 112.50 0.1070 0.2582 14814 6.7504
90 111.70 0.0991 0.2398 13573 7.3674
105 111.00 0.0922 0.2236 12497 8.0019
120 110.50 0.0873 0.2120 11734 8.5223
135 110.10 0.0833 0.2027 11127 8.9870
150 109.90 0.0814 0.1981 10825 9.2378
165 109.80 0.0804 0.1957 10674 9.3682
180 109.60 0.0784 ‘0.1911 10374 9.6397
* Solomon-Gotesman equation
t K = 7.7144 x 1CT5 , a = 0. 8451
60 120 180 
minutes
I IQ. 0 * H  O Kinetic plots for CTP degradation in dichloromethane- 
propionic anhydride solution for antimony pentachloride catalyst 
concentrations at 30° C „
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TABLE 5 ,A8 a
EFFECT OF ANTIMONY PENTACHLORIDE ON CTP DEGRADATION IN
DICHLOROMETHANE-PROP IONIC ANHYDRIDE AT VARIOUS TEMPERATURES
E X P B R I M B N T A L C A L C U L A T E D *
Concn-/10~2 1 
mol/dm~3 Initial slope 10"3 103k min-1
C oncn»/10”2 
mol/dm“3 lO^k/min**1
15°C
3.0339 0.7964 0.2631 7.00 1.0324
6.1036 0.3033 1.0912 10.00 1.9890
9.2525 9.4572 3.1241 13.00 3.8323
15.5862 24.1580 4.6770 17.00 9.1877
20°C
6.8340 4.6185 1.5257 7.00 1.7083
10.0130 10.5988 3.5012 10.00 3.1178
13.2100 18.0423 5.9601 13.00 5.6903
17.0400 37.2824 12.3159 17.00 12.6917
2 5°C
7.8070 7.4549 2.4627 7.00 2.3268
10.2800 16.2099 5.3548 10.00 4.6307
13.5800 37.5430 12.4020 13.00 9.2156
17.6500 72.1517 23.8347 17.00 23.0691
30°C
7.2000 9.9215 2.2775 7.00 3.3461
10.2200 23.1464 7.6462 10.00 6.8310
13.1500 46.9000 15.4930 13.00 13.9454
16.9000 100.3930 33.1639 17.00 36.1154
* Calculated by least squares method
(concn. versus log k)
258
5 10 15
concn-/10_^ mol drrf^
Fig. 5-48 a Effect of antimony pentachloride concentration
on CTP degradation in dichloromethane-propionic anhydride 
solution at various temperatures ,
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Fig. 5-48 b Arrhenius plots for antimony pentachloride 
catalysed degradation of CTP in dichloromethane-propionic 
anhydride solution „
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TABLE 5.A8 b
KINETIC DATA FOR DIFFERENT CATALYSTS IN DICHLO-
METHANE-PROPIONIC ANHYDRIDE SOLUTION
Temp.°C concn. _1.0x10 M*
concn. - 
2.0x10 M
concn. »
3.0x10 M
concn 
4v0xl0 M
L o g  r a t e c o n s t a n t m i n ”1
15 -5.6811 -5.0278 -4.7778 -4.6202
HC10 20 -5.4059 -4.7723 -4.5249 -4.3683
25 -5.2386 -4.5433 -4.2884 -4.1289
30 -4.9854 -4.3209 -4.0696 -3.9115
E: k cal/mole 18.10 . 18.87 18.96 19.00
A 1.14xl08 1.93xl09 4.02xl08 6.14xl09
2.0xl0"2M 3.OxlO“2M 4.OxlO_2M 5.OxlO_2M
15 -4.9106 -4.7258 -4.5966 -4.4971
20 -4.6930 -4.5044 -4.3734 -4.2729
h 2so4 25 -4.4319 -4.2811 -4.1693 -4.0805
30 -4.2556 -4.0757 -3.9489 -3.8509
E: k cal/mole 17.88 17.45 17.23 ' 17.10
A 4.43xl08 3.20xl08 2.96xl08 2.59xl08
12.OxlO~2M 15.OxlO~2M 18.0xl0“2M 21.0xl0“2M
15 -5.2151 -5.1021 -5.0125 -4.9382
FeCl, 20 -4.9014 -4.8193 -4.7502 -4.6907
25 -4.6121 -4.4933 -4.4001 -4.3234
30 -4.3031 -4.2049 -4.1248 -4.0572
E : k cal/mole 24.28 24.22 24.18 24.16
A 1.57x1013 1.79xl013 2.03xl013 2.28xl013
7:OxlO"2M 10.0xl0~2M 13.0x 10_2M 17.0xl0~2M
15 -4.9862 -4.7014 -4.4165 -4.0368
20 -4.7674 -4.5062 -4.2449 -3.8965
SbCl ^ 25 -4.6332 -4.3344 -4.0355 -3.6370
30 -4.4755 -4.1655 -3.8556 -3.4423
E : k cal/mole 13.39 14.29 15.18 16.38
A 1.53xl05 1.38xl06 1.23xl07 2.29x10
* M = mol/dm3
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TABLE 5,49
SUMMARY OF DEGRADATION STUDIES FOR METAL HALIDES SHOWING POOR 
CATALYTIC ABILITY FOR CTP IN SOLVENT - PROPIONIC ANHYDRIDE
SOLUTIONS (2 .00 mol/dm 3 Propionic anhydride).
Catalyst Solvent Temp. 
°C
Concn • 
mol/dm3
Flow- time (sec) Reaction 
time (min)to t0 " t
SbClg DCM 25 0.2025 188.6 0.0 75
SnCl4 m 11 0.0798 163.4 2.4 135
Hgcl2 11 it not soluble - - —
A1C13
ti 11 not soluble - — “
SnCl4 Chloroform 20 0.1263 79.0 2.0 180
AiClg ti ti 40 not soluble - - —
H gC12 ti 11 40 not soluble -
- —
SnCl4 it ii 25 0.1536 74.5 2.2 180
SjnCl4 11 11 30 0.1837 68.1 2.6 155
PC13 TCE 40 0.2447 119.4
3.5 150
PCI3 it it 0.700 83.6 5.7 165
ZnCl2 it 11 0.1741 122.5 0.1 180
ZnCl2 11 it 0.2010 122.7 0.0 160
P Br3 ti 40 0.2254 117.8 0.1 180
SnCl4 it 20 0.2970 99.8 1.9 *
180
SnCl4 n it 0.2184 190.7 8.6 *
180
SnCl4 11 11 0.1694 98.2 4.2 180
* Solution contains 2.00 mol/dm^ acetic anhydride instead of 
propionic anhydride.
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CHAPTER SIX 
STUDY OF CATALYST SIDE-REACTION
6. INTRODUCTION
Degradation of cellulose tripropionate is believed to 
be a psuedo first-order reaction, and accordingly linear 
kinetic plots are expected, but that was not found through­
out the current work where most of the plots were curved 
ones. The suggested explanation for this is a continuous 
decrease in catalyst concentration due to a side-reaction 
between the catalysts used and the propionic anhydride.
The present Chapter deals with two things : first, the 
evidence for the proposed explanation and,. secondly, deter­
mination of the rate constant for the side-reaction. This 
was carried out by means of the following methods.
6 ■1 Ultraviolet Spectroscopy (U.V.)
In an attempt to use this type of spectroscopy a 1 mm 
cell filled with tetrachloroethane-propionic anhydride 
(2mol/dm3) solution was used as a reference, the other one 
being filled with the same solution containing an appropriate 
amount of HClO^ to give a certain initial concentration. The 
product or products from the reaction were found to absorb at 
a wavelength of about 300 nm. Changes in absorbance (300 nm) 
with time for different catalyst concentrations are shown in 
Figure 6.1. It can be seen that during the first stage of 
the reaction the absorbance did not increase smoothly with 
time (curve showed an inflexion) and when it reached a maximum 
value it started to fall again. From this behaviour the re­
action is clearly a complicated one comprising consecutive or
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parallel reactions or perhaps both. Therefore it was not 
possible to calculate the correct rate constant from these 
studies, although they did show that a side-reaction existed 
in support of the proposed decrease in catalyst concentration 
during the degradation process.
On the other hand, reaction of H2S04 with propionic 
anhydride gave an absorbance just at the solvent cut-off 
region (270 nm) and because of this no further work was done 
in this direction.
6.2 Direct Titration
Titration with a base was tried in order to follow any 
change in acid concentration in solutions containing 2.0 mol/dm3 
propionic anhydride at different temperatures. It was found 
that the use of triethylamine, as a base, dissolved in chloro­
form gave satisfactory results when used at a similar concen­
tration to that of the acid catalyst. A methyl red indicator 
was used as a solution in chloroform and the solutions used 
throughout this work. The colour change from red to yellow 
was found to be sharp during the early stages of the reaction. 
Towards the end of the reaction, when most of the acid had 
been used up, the change from red to orange (rather, than 
yellow) became less sharp and at this stage it seemed that a 
reverse reaction was taking place. • Because of this, titra­
tion of the acid was stopped before reaching this point for 
the purpose of evaluating the rate constant.
Titration runs were carried out as follows.
The proper amount of HClOt* was introduced into a 50 cm3
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volumetric flask (Grade A) and thermostated tetrachloroethane- 
propionic anhydride (2 mol/dm-3) solution added and made to the 
mark at the required temperature to give an acid concentra­
tion of about 4.0 x 10” 3 mol/dra3. This became the reaction 
solution from which samples were taken.
After various periods of time (10-15 min intervals)
3 cm3 samples of the reaction solution were pipetted (using 
3 cm3 Grade A pipette) into a 25 cm3 erlenmeyer flask cooled 
in an ice-bath to stop the reaction. One or two drops of a 
methyl red solution in chloroform were added and the solution 
was titrated against standard trietkylamine solution in 
tetrachloroethane using a 10 cm3 microburette (Grade A reading 
in 0.01 cm3); the results obtained for HClOt* are shown in 
Tab le 6.1.
Good linear plots of log titre values versus time were 
obtained indicating a first order reaction taking place.
These are shown in Fig 6.2 and the rate constants recorded in 
Table 6.1 were obtained from the slopes by the method of 
least squares.
Again there was no success in titrating I^SOi* using the 
above procedure with either tetrachloroethane or chloroform 
solvents. It was found to give a constant titre all the 
time, equivalent to the initial acid concentration. But on 
the other hand sulphuric acid did give curved plots in the 
degradation studies. This behaviour might be explained by 
either the product of the H2SO^ - propionic anhydride reac­
tion itself being a strong enough acid to react with the 
base (but not being a degradation catalyst) or a sulphuric
2 66
KINETIC DATA FOR REACTION BETWEEN HClOi* AND PROPIONIC 
ANHYDRIDE IN TETRACHLOROETHANE AT VARIOUS TEMPERATURES
TABLE 6.1
Time
(min)
Titre (base) 
cm3
Time
(min)
Titre (base) 
cm3
Time
(min)
Titre (base) 
cm3
20 °C 30° C o o o
15 7.200 15 4.100 15 6.01
30 6.860 30 3.200 20 4.38
50 6.360 45 2.560 30 3.38
60 6.020 60 2.000 40 2 .30
75 5.620 75 1.65 50 1.62
90 5.40 90 1.32 60 1.11
105 4.94 105 1.02 75 0.65
120 4.50
135 4.30
k = 1 .92xl0” 3 min” 1 k = 6 .6x10” 3 min” 1 k = 1.50x10 2min 1
lo
g 
(v
/
cm
3
) 
+ 
1
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j i i i  i 1 i__
50 100
minutes
F" j g. 0 * 2  Kinetic plots for reaction between HC10. and 
propionic anhydride in tetrachloroethane at different tem­
peratures „
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acid complex of low stability being formed which gives a fast 
reverse dissociation to give the acid when a base is added.
In the former case it seems likely that a-sulphopropionic
8 7acid is formed, as discussed by Murray and Kenyon.
6.3 Ageing of Catalyst Solutions
At the time when studies were first started on the 
degradation of CTP it was noticed that fresh catalyst 
solutions gave higher rate constants than those which were 
left to stand for some time; a few minutes at higher tem­
peratures was found to make a considerable difference to 
the plot obtained. This is consistent with a decrease in 
effective catalyst concentration in the reaction media where, 
for acid catalysts, the rate constants (at t = 0) are 
directly proportional to initial acid concentrations as 
mentioned in Chapter 5.
An attempt was therefore made to use ageing for the 
estimation of the side-reaction rate constants. The pro­
cedure was carried out in exactly the same way as in the 
ordinary degradation reactions but always using the same 
starting catalyst concentration.
At each temperature a set of 4 to 6 degradation runs 
were carried out under exactly the same conditions, except 
that the catalyst solutions were left to stand for different 
periods of times before mixing with the CTP. The degrada­
tion results obtained for perchloric and sulphuric acids are 
shown in Tables 6.2 to 6.14 and in Figs. 6.3 to 6.8. The 
concentrations of CTP and propionic anhydride in each case 
were 4.00 g dl and 2.00 mol dm 3 respective ly .
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It was found that the longer each catalyst solution 
was aged the lower the rate constant (at t = 0) obtained. 
Using these rate constants in the earlier linear relation­
ship between rate constant (at t - 0) and acid concentra­
tion (F*igs. 5.4a-5.48a). it was possible to calculate
the effective acid concentration that corresponded to each 
ageing time and so follow the kinetics of loss of catalyst 
due to the side-reaction. The results are shown in Tables
6.2 to 6.14 and plots of log acid concentration versus 
time (min) shown in Figs. 6.3 to 6.14. Corresponding 
first-order rate constants calculated from the slopes of 
the linear plots obtained are summarised in Table 6.15 
to 6.17, and in Figs. 6.15 to 6-18.
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TABLE 6.2
EFFECT OF AGEING ON PERCHLORIC ACID REACTIVITY IN
DEGRADATION OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE
SOLUTION AT 20°C (acid concn. 3.83 x 10“3mol/dm3)
(i) Ageing time 0.0 min.
Solvent flow-time 103.20 sec.
Time Flow-time
min. sec. nsp jsG*ai/g
M + n 105/Mn
15 139.50 0.3517 0.7871 51519 1.9410
30 134.10 0.2994 0.6806 43475 2.3001
45 130.20 0.2616 0.6016 37640 2.6568
60 127.30 0.2335 0.5417 33296 3.0034
75 124.80 0.2093 0.4891 29556 3.3834
90 123.10 0.1928 0.4530 27019 3.7010
105 121.70 0.1793 0.4229 24936 4.0102
120 120.60 0.1686 0.3991 23304 4.2911
135 119.60 0.1589 0.3773 21825 4.5818
150 118.80 0.1512 0.3598 20646 4.8435
165 118.00 0.1434 0.3422 19471 5.1359
180 117 o 40 0.1376 0.3289 18592 5.3786
(ii) Ageing time 60 min.
Solvent flow-time 103.20 sec.
15 141.40 0.3702 0.8237 54334 1.8405
30 136.10 0.3188 0.7204 46461 2.1523
45 132.20 0.2810 0.6424 40634 2.4610
60 129.30 0.2529 0.5831 36291 2.7555
75 127.30 0.2335 0.5417 33296 3.0034
90 125.50 0.2161 0.5039 30603 3.2677
105 123.80 0.1996 0.4679 28063 3.5634
120 122.50 0.1870 0.4401 26126 3.8276
135 121.40 0.1764 0.4164 24491 4.0832
150 120.40 0.1667 0.3947 23008 4.3463
165 119.60 0.1589 0.3773 21825 4.5818
180 118.40 0,1473 0.3510 20058 4.9856
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Table 6.2 continued
(iii) Ageing time 120 min.
Solvent flow-time 103.20 sec.
Time
min.
Flow-time 
sec. nsp M *dl/l
Mnt 105/Mn
15 142.10 0.3769 0.8372 55368 1.8061
30 137.90 0.3362 0.7559 49142 2.0349
45 134.40 0.3023 0.6866 43924 2.2767
60 131.20 0.2713 0.6220 39137 2.5551
75 129.30 0.2529 0.5831 36291 2.7555
90 127.30 0.2335 0.5417 33296 3.0034
105 125.70 0.2180 0.5018 30902 3.2361
120 124.40 0.2054 0.4807 28959 3.4532
135 123.00 0.1919 0.4508 26870 3.7216
150 122.20 0.1841 0.4337 25679 3.8942
165 121.40 0.1764 0.4164 24491 4.0832
180 120.80 0.1705 0.4034 23601 4.2372
(iv) Ageing time 240 min.
Solvent flow-time 103.20 sec.
15 144.00 0.3953 0.8733 58170 1.7191
30 139.90 0.3556 0.7948 52112 1.9189
45 136.10 0.3188 0.7204 46461 2.1523
60 133.30 0.2917 0.6646 42280 2.3652
75 131.20 0.2713 0.6220 39137 2.5551
90 129.30 0.2529 0.5831 36291 2.7555
105 127.60 0.2364 0.5479 33745 2.9634
120 126.40 0.2248 0.5228 31949 3.1300
135 125.00 0.2112 0.4934 29855 3.3495
150 123.90 0.2006 0.4700 28212 3.5445
165 122.90 0.1909 0.4487 26721 3.7423
180 122.20 0.1841 0.4337 25679 3.8942
* Solomon-Gotesman equation
t K =* 7.2795 x 10"5 , a = 0.8561
W
/
5
0t
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Fig- 6-3 Effect of ageing on perchloric acid (concn,
—  3 33,85 x 10 mol/dm ) reactivity in degradation of CTP in 
chloroform-propionic anhydride solution at 20 C ,
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TABLE 6.3
EFFECT OF AGEING ON. PERCHLORIC ACID REACTIVITY IN DEGRADATION
OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION AT 25°C
(acid concn. 3.8 x 10~3 mol/dm3)
(i) Ageing time 0.0 min. 
Solvent flow-time 97.70 sec.
Time
min.
Flow-time 
sec. iisp Cnlcr dl/g Mn
10S/Mn
15 136.50 0.3971 0.8768 63027 1.5866
30 128.60 0.3163 0.7153 49776 2.0090
45 124.10 0.2702 0.6197 42151 2.3724
60 120.40 0.2323 0.5391 35863 2.7884
75 118.00 0.2078 0.4858 31785 3.1462
90 116.00 0.1873 0.4408 28393 3.5219
105 114.50 0.1720 0.4066 25857 3.8674
120 113.20 0.1586 0.3767 23667 4.2252
135 112.10 0.1474 0.3512 21821 4.5827
150 111.30 • 0.1392 0.3326 20484 4.8819
165 110.60 0.1320 0.3162 19318 5.1766
180 110.00 0.1259 0.3021 18322 5.4581
(ii) Ageing time 60 PS•H
Solvent flow-time 97.7 sec.
15 137.60 0.4084 0.8986 64854 1,5419
30 131.60 0.3470 0.7775 54832 1.8237
46 126.40 0.2938 0.6689 46053 2.1714
60 123.10 0.2600 0.5981 40453 2.4720
77 120.10 0.2293 0.5325 35353 2.8286
90 118.10 0.2088 0.4880 31955 3.1294
105 116.50 0.1924 0.4521 29240 3.4199
120 115.60 0.1832 0.4317 27716 3.6080
135 114.50 0.1720 0.4066 25857 3.8674
150 112.70 0.1535 0.3651 22827 4.3807
165 111.90 0.1453 0.3466 21487 4.6541
180 110.90 0.1351 0.3232 19817 5.0462
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Table 6.3 continued
(iii) Ageing time 120 min. 
Solvent flow-time 97.7 sec •
Time 
min t
Flow-time
sec. nsp !n/SG* dl g
4- 10S/Mn
15 139.60 0.4289 0.9381 68163 1.4671
30 132.30 0.3541 0.7919 56008 1.7854.
45 127.20 0.3019 0.6858 47408 2.1093
60 123.80 0.2671 0.6133 41642 2.4014
75 121.00 0.2385 0.5523 36883 2.7113
90 118.60 0.2139 0.4992 32804 3.0484
105 117.10 0.1986 0.4656 30258 3.3050
120 115.50 0.1822 0.4294 27547 3.6301
135 114.30 0.1699 0.4020 25520 3.9185
150 113.30 0.1597 0.3790 23836 4.1954
165 112.30 0.1494 0.3559 22156 4.5134
180 111.40 0.1402 0.3349 20651 4.8424
(iv) Ageing time 240 min.
Solvent flow-time 97.7 sec.
15 139.00 0.4227 0.9263 67172 1.4887
30 132.10 0.3521 0.7878 55673 1.7962
45 127.80 0.3081 0.6985 48424 2.0651
60 123.70 0.2661 0.6111 41472 2.4113
75 121.40 0.2426 0.5611 37563 2.6622
90 119.40 0.2221 0.5170 34163 2.9271
105 117.80 0.2057 0.4813 31445 3.1801
120 116.30 0.1904 0.4475 28902 3.4600
135 115.10 0.1781 0.4203 26871 3.7215
150 114.10 0.1679 0.3974 25183 3.9710
165 113.10 0.1576 0.3744 23499 4.2555
180 112.40 0.1505 0.3582 22324 4.4795
* Solomon-Gotesman equation
t K =■ 6.35 x 10"b , a - 0.8625
60 . 120 180 
c / minutes
r i g -  D-H Effect of ageing on perchloric acid (concn.
— 23.85 x 10 ) reactivity in degradation of CTP in chloroform-
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TABLE 6.4
EFFECT OF AGEING ON PERCHLORIC REACTIVITY IN DEGRADATION
OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION AT 30°C
(acid concn. 3.8 x lO" 3 mol/dm3)
(i) Ageing time 0.0 min.
Solvent flow-time 83.85 sec.
Time
min.
Flow-time
sec.
Tlsp C H ] n  ndl/fG
Mn 105/Mn
15 112.30 0.3393 0.7621 58862 1.6989
30 10,5.40 0.2570 0.5918 44030 2.2712
45 101.40 0.2093 0.4891 35376 2. 8268
60 99.10 0.1819 0.4287 30404 3.2891
75 96.80 0.1544 0.3672 25451 3.9290
90 95.50 0.1389 0.3320 22668 4.4115
105 94.40 0.1258 0.3019 20325 4.9200
120 93.90 0.1199 0.2881 19265 5.1907
135 93.10 0.1103 0.2660 17576 5.6894
150 92.60 0.1044 0.2521 16526 6.0510
165 92.20 0.0996 0.2410 15689 6.3738
180 91.80 0.0948 0.2298 14856 6.7315
(ii) Ageing time 60 min.
Solvent flow-time 92.30 sec.
15 127.60 0.3824 0.8480 66549 1.5026
30 120.30 0.3034 0.6888 52408 1.9081
45 115.70 0.2535 0.5844 43398 2.3042
60 112.40 0.2178 0.5076 36912 2.7091
75 109.80 0.1896 0.4458 31803 3.1443
90 108.40 0.1744 0.4121 29058 3.4414
105 107.00 0.1593 0.3781 26320 3.7994
120 106.00 0.1484 0.3536 24370 4.1034
135 105.10 0.1387 0.3314 22621 4.4206
150 104.30 0.1300 0.3115 21072 4.7456
165 103.70 0.1235 0.2966 19914 5.0215
180 103.20 0.1181 0.2841 18952 5.2764
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Table 6.4 continued
(iii) Ageing time 120 min. 
Solvent flow-time 83.85 sec.
Time
min.
Flow-time
sec. ^sp Cud *qr ■di/gSG
H t n‘ 105/Mn
15 120.00 0.4311 0.9424 '75122 1.3312
30 112.80 0.3453 0.7741 59929 1.6686
45 108.20 0.2904 0.6619 50071 1.9972
60 104.90 0.2510 0.5791 42949 2.3283
75 102.40 0.2212 0.5151 37540 2.6638
90 100.60 0.1998 0.4682 33645 2.9722
105 99.50 0.1866 0.4393 31268 3.1982
’ 120 98.40 0.1735 0.4101 28894 3.4609
135 97.50 0.1628 0.3860 26956 3.7098
150 96.80 0.1544 0.3672 24451 3.9290
165 96.20 0.1473 0.3510 24165 4.1382
180 95.70 0.1413 0.3374 23095 4.3299
(iv) Ageing time 180 min.
Solvent flow-time 83.85 sec.
15 122.90 0.4657 1.0078 81143 1.2324
30 116.50 0.3894 0.8616 67778 1.4754
45 111.80 0.3333 0.7500 57794 1.7303
60 109.00 0.2999 0.6817 51792 1.9308
75 106.10 0.2654 0.6095 45542 2.1958
' 90 104.30 0.2439 0.5639 41652 2.4009
105 102.70 0.2248 0.5228 38189 2.6185
120 101.50 0.2105 0.4917 35592 2.8096
135 100.20 0.1950 0.4577 32780 3.0506
150 99.50 0.1866 0.4393 31268 3.1982
165 99.10 0.1819 0.4287 30404 3.2891
180 98.30 0.1723 0.4074 28678 3.4870
* Solomon-Gotesman equation
t K = 5.3507 x 10" 5 , a = 0.8708
1C
P/
M
60 120 180 
Fia 6-S minutes
y* Effect of ageing on perchloric acid (concn, 3.85
— 3 3X 10 mol/dm ) reactivity in degradation of CTP in chloroform- 
propionic anhydride solution at 30° C,
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TABLE 6.5
EFFECT OF AGEING ON PERCHLORIC ACID REACTIVITY IN
DEGRADATION OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE
SOLUTION AT 40°C (acid concn. 3.80 x 10~3 mol/dm3)
CD Ageing time 0.0 min.
Solvent flow-time 75.61 sec 9
Time
min.
Flow-time 
sec. sp (nlcr*a i/I
M t n 105/Mn
15 93.20 0.2326 0.5397 46261 2.1616
30 87.20 0.1533 0.3646 29607 3.3776
45 84.40 0.1163 0.2798 21909 4.5643
60 83.00 0.0977 0.2366 18108 5.5226
75 81.90 0.0832 0.2024 15155 6.5983
90 81.10 0.0726 0.1772 13033 7.6725
105 80.60 0.0660 0.1614 11721 8.5320
120 80.20 0.0607 0.1488 10679 9.3643
135 79.80 0.0554 0.1360 9646 10.3673
150 79.60 0.0528 0.1296 9133 10.9496
165 79.40 0.0501 0.1233 8622 11.5978
180 79.20 0.0475 0.1169 8115 12.3234
(ii) Ageing time 60 min.
Solvent flow-time 113.50 sec.
15 141.90 0.2502 0.5774 49949 2.0020
• 30 133.20 0.1736 0.4102 33855 2.9538
45 129.10 0.1374 0.3286 26302 3.8019
60 126.30 0.1128 0.2717 21192 4.7189
75 124.50 0.0969 0.2347 17940 5.5742
90 123.40 0.0872 0.2119 15970 6.2616
105 122.60 0.0802 0.1952 14549 6.8735
120 122.80 0.0819 0.1994 14903 6.7100
135 121.30 0.0687 0.1680 12260 8.1563
150 120.70 0.0634 0.1553 11215 8.9163
165 120.50 0.0617 0.1511 10869 9.2006
180 120.10 0.0581 0.1426 10178 9.8247
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Table 6.5 continued
(iii) Ageing time 120 min. 
Solvent flow-time 76.40 sec.
Time
min.
Flow-time 
sec. ^sp Cnlcp*dl/g V
10S/Mn
15 101.60 0.3298 0.7429 66536 1.5030
30 93. 80 0.2277 0.5292 45234 2.2107
45 91.10 0.1924 0.4520 37810 2.6448
60 88.80 0.1623 0.3849 ■ 31494 3.1752
75 87.00 0.1387 0.3315 26573 3.7633
90 86.30 0.1296 0.3105 24668 4.0539
105 85.40 0.1178 0.2834 22228 4.4988
120 84.60 0.1073 0.2591 20071 4.9822
135 84.20 0.1021 0.2468 18998 5.2637
150 83. 80 0.0967 0.2346 17928 5.5778
165 83.30 0.0903 0.2192 16597 6.0254
180 83.10 0.0877 0.2130 16066 6.2244
(iv) Ageing time 180 min.
Solvent flow-time 102.35 sec.
15 138.00 0.3483 0.7802 70346 1.4215
30 127.70 0.2477 0.5720 49416 2.0236
45 123.50 0.2066 0.4833 40800 2.4510
60 120.10 0.1734 0.4099 33824 2.9564
' 75 117.90 0.1519 0.3615 29324 3.4102
90 116.10 0.1343 0.3215 25657 3.8976
105 115.10 0.1246 0.2990 23629 4.2321
120 114.20 0.1158 0.2787 21811 4.5849
135 113.30 0.1070 0.2583 20001 4.9998
150 112.80 0.1021 0.2469 18999 5.2634
165 112.20 0.0962 0.2331 17802 5.6175
180 111.90 0.0933 0.2262 17205 5.8124
* Solomon-Gotesman equation
t K = 4.2756 x 10" 5 , a = 0.8791
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TABLE 6 .6
EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN
DEGRADATION OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE
SOLUTION AT 20°C (acid concn. 3.80 x 10~2 mol/dm3)
(i) Ageing time 0.0 min. -
Solvent flow-time 93.00 sec.
Time
min.
Flow-time
sec. T)sp Cn3SG* M + n 105/Mn
15 127.12 0.3667 0.8168 53801 1.8587
30 122.30 0.3151 0.7128 45885 2.1794
45 118.80 0.2774 0.6348 . 40080 2.4950
60 116.20 0.2495 0.5958 35759 2.7965
75 114.00 0.2258 0.5250 32103 3.1149
90 112.40 0.2086 0.4876 29448 3.3958
105 111.00 0.1935 0.4545 27130 3.6860
120 109.90 0.1817 0.4284 25313 3.9506
135 109.00 0.1720 0.4068 23830 4.1964
150 108.20 0.1634 0.3875 22516 4.4414
165 107.50 0.1559 0.3705 21369 4.6798
180 106.90 0.1495 0.3559 20388 4.9049
(ii) Ageing time 60 min.
Solvent flow-time 93.00 sec.
15 128.20 0.3785 0.8402 55606 1.7984
• 30 123 o 00 0.3226 0.7282 47043 2.1257
45 119.30 0.2828 0.6461 40910 2.4444
60 117.20 0.2602 0.5986 37421 2.6723
75 115.00 0.2366 0.5482 33765 2.9617
90 113.20 0.2172 0.5064 30775 3.2444
105 111.80 0.2022 0.4735 28454 3.5144
120 110.70 0.1903 0.4474 26634 3.7546
135 109.60 0.1785 0.4212 24818 4.0293
150 108.90 0.1710 0.4044 23666 4.2255
165 108.00 0.1613 0.3827 22188 4.5070
180 107.60 0.1570 0.3730 21532 4.6442
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Table 6 . 6 continued
(iii ) Ageing time 120 min. 
Solvent flow-time 93.00 sec.
Time 
min.
Flow-time 
sec. n sp Cn3cr*dl/!G V
105/Mn
15 129.00 0.3871 0.8571 56915 1.7570
30 124.50 0.3387 0.7609 49521 2.0193
45 121.10 0.3022 0.6863 43897 2.2781
60 118.70 0.2763 0.6326 39914 2.5054
75 116.30 0.2505 0.5781 35925 2.7836
90 114.60 0.2323 0.5389 33100 3.0212
105 113.10 0.2161 0.5040 30609 3.2670
120 112.00 0.2043 0.4782 28785 3.4740
135 110.90 0.1925 0.4522 26965 3.7086
150 110.00 0.1828 0.4307 25478 3.9250
165 109.20 0.1742 0.4116 24159 4.1392
180 108.60 0.1677 0.3971 23172 4.3155
(ii) Ageing time 240 min.
Solvent flow-time 93.00 sec.
15 129.50 0.3925 0.8677 57733 1.7321
30 125.60 0.3505 0.7847 51334 1.9480
45 122.10 0.3129 0.7084 45554 2.1952
60 119.80 0.2882 0.6573 41740 2.3958
75 117.60 0.2645 0.6077 38086 2.6256
90 116.00 0.2473 0.5712 35427 2.8227
105 114.70 0.2333 0.5412 33266 3.0061
120 113.60 0.2215 0.5157 31439 3.1807
135 112.50 0.2097 0.4899 29614 3.3768
150 111.10 0.1946 0.4569 27295 3.6636
165 110.60 0.1892 0.4450 26469 3.7780
180 110.00 0.1828 0.4307 25478 3.9250
* Solomon-Gotesman equation
+ K - 7.2795 x 10“b •oii<3 8561
1 1----- i---- 1__________!____ I I I
60 . 120 180 
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TABLE 6.7
EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN DEGRADATION
OF CTP IN CHLOROFORM ANHYDRIDE SOLUTION AT 25°C
(acid concn. 3.80 x 10 2 mol/dm3)
(i) Ageing time 0.0 min. 
Solvent flow-time 88.1 sec.
Time
min.
Flow-time
sec. " sp di/g
M + n 105/Mn
15 125.30 0.4222 0.9254 67086 1.4904
30 117.50 0.3337 0.7508 52651 1.8993
45 113.60 0.2894 0.6599 45339 2.2056
60 110.10 0.2497 0.5763 38748 2.5807
75 107.80 0.2236 0.5202 34412 2.9059
90 106.00 0.2032 0.4757 31022 3.2235
105 104.70 0.1884 0.4432 28578 3.4992
120 103.60 0.1759 0.4155 26514 3.7715
135 102.70 0.1657 0.3926 24830 4.0273
150 101.90 0.1566 0.3722 23337 4.2850
165 101.30 0.1498 0.3568 . 22221 4.5003
180 100.80 0.1442 0.3439 21292 4.6965
(ii) Ageing time 60 min.
Solvent flow-time 88.10 sec.
15 127.70 0.4495 0.9773 71480 1.3990
30 120.20 0.3644 0.8122 57682 1.7337
45 114.60 0.3008 0.6835 47218 2.1178
60 111.30 0.2633 0.6052 41010 2.4384
75 109.00 0.2372 0.5496 36675 2.7267
90 107.10 ‘ 0.2157 0.5030 33093 3.0218
105 105.60 0.1986 0.4658 30269 3.3037
120 104.50 0.1862 0.4382 28202 3.5458
135 103.50 0.1748 0.4129 26327 3.7984
150 102.70 0.1657 0.3926 24830 4.0273
165 102.00 0.1578 0.3747 23524 4.2510
180 100.90 0.1453 0.3464 21478 4.6560
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Table 6,7 continued
(iii) Ageing time 
Solvent flow
120 min. 
-time 88.10 sec.
Time
min.
FlowTtime
sec. nsp «^SG* M t n 1Q5/Mn
15 127.40 0.4461 0.9708 70933 1.4098
30 120.10 0.3632 0.8100 57496 1.7393
45 115.60 0.3121 0.7068 49094 2.0369
60 112.30 0.2747 0.6291 42893 2.3314
75 110.00 0.2486 0.5739 38560 2.5934
90 108.00 0.2259 0.5252 34789 2.8744
105 106.70 0.2111 0.4931 32340 3.0922
120 105.50 0.1975 0.4633 30081 3.3243
135 104.50 0.1862 0.4382 28202 3.5458
150 103.60 0.1759 0.4155 26514 3.7715
165 102.80 0.1669 0.3952 25017 3.9972
180 102.20 0.1600 0.3798 23897 4.1847
(iv) Ageing time 240 min.
Solvent flow- time 88.10 sec.
15 128.40 0.4574 0.9923 72752 1.3745
30 122.20 0.3871 0.8571 61388 1.6290
45 117.10 0.3292 0.7416 51803 1.9267
60 114.90 0.3042 0.6905 47781 2.0929
• 75 112.00 0.2713 0.6220 42329 2.3625
90 110.70 0.2565 0.5908 39879 2.5076
105 109.10 0.2384 0.5521 36863 2.7127
120 107.80 0.2236 0.5202 34412 2.9059
135 106.60 0.2100 0.4906 32151 3.1103
150 105.70 0.1998 0.4683 30457 3.2833
165 105.00 0.1918 0.4507 29141 3.4316
180 104.50 0.1862 0.4382 28202 3.5458
* Solomon-Gotesman equation
+ K -' 6.3576 x 10" 8 , a = 0 . 8625
10
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EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN DEGRADATION 
OF CELLULOSE TRIPROPIONATE 4g/dm3 IN CHLOROFORM CONTAINING 
2.00 mol/dm3 PROPIONIC ANHYDRIDE AT 30°C (acid concn. 3.80 x 
10“  ^ mol/dm3)
TABLE 6 .8
(i) Ageing time 0 
Solvent flow—
.00 min. 
time 83.85 sec.
Time
min.
Flow-time
sec. nsp Cn3Qr*dl/g
Mnt 105/Mn
15 112.50 0.3417 0.7669 59289 1.6866
30 105.60 0.2594 0.5969 44462 2.2491
45 101.50 0.2105 0.4917 35592 2.8096
60 99.00 0.1807 0.4260 30188 3.3126
75 97.30 0.1604 0.3807 26526 3.7699
90 96.20 0.1473 0.3510 24165 4.1382
105 95.30 0.1366 0.3265 22241 4.4962
120 94.70 0.1294 0.3101 20963 4.7704
135 94.10 0.1222 0.2936 19689 5.0790
150 93.60 0.1163 0.2799 18631 5.3675
165 93.20 0.1115 0.2688 17787 5.6221
180 92.80 0.1067 0.2577 16946 5.9012
(ii) Ageing time 60 min.
Solvent flow-time 83.85 sec.
15 116.40 0.3882 0.8593 67567 1.4800
30 109.40 0.3047 0.6915 52652 1.8993
45 105.30 0.2558 0.5893 43814 2.2824
60 102.90 0.2272 0.5280 38622 2.5892
75 101.10 0.2057 0.4813 34727 2.8796
90 99. 70 0.1890 0.4446 31700 3.1546
105 98.90 0.1795 0.4234 29972 3.3364
120 98.10 0.1699 0.4021 28247 3.5402
135 97.50 0.1628 0.3860 26956 3.7098
150 97.00 0.1568 0.3726 25881 3.8639
165 96.50 0.1509 0.3591 24808 4.0310
180 96.30 0.1485 0.3537 24379 4.1019
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Table 6 .8 continued
(iii) Ageing time 120.00 min. 
Solvent flow-time 83.85 sec.
Time
min.
Flow-time
min. nsp [n]qr*dl/|
Mnt 105/Mn
15 118.00 0.4073 0.8965 70935 1.4097
30 111.60 0.3309 0.7452 57367 1.7432
45 107.70 0.2844 0.6495 48994 2.0411
60 105.00 0.2522 0.5817 43165 2.3167
75 103.10 0.6296 0.5331 39055 2.5605
90 101.70 0.2129 0.4969 36025 2.7758
105 100.40 0.1974 0.4630 33213 3.0109
120 99.40 0.1855 0.4366 31052 3.2204
135 98.70 0.1771 0.4181 29541 3.3852
150 98.20 0.1711 0.4048 28463 3.5134
165 97.80 0.1664 0.3941 27601 3.6230
180 97.30 0.1604 0.3807 26526 3.7699
(iv) Ageing time 180 min.
Solvent flow-time 83.85 sec.
15 119.80 0.4287 0.9378 74705 1.3386
30 113.30 0.3512 0.7860 60994 1.6395
45 109.40 0.3047 0.6915 52652 1.8993
60 106.40 0.2689 0.6170 46190 2.1650
75 104.30 0.2439 0.5639 41652 2.4009
90 102.80 0.2260 0.5254 38406 2.6038
105 101.60 0.2117 0.4943 35809 2.7926
120 100.70 0.2010 0.4708 33861 2.9532
135 99.90 0.1914 0.4498 32132 3.1122
150 99.30 0.1843 0.4340 30836 3.2430
165 98.80 0.1783 0.4207 29756 3.3606
180 98.30 0.1723 0.4074 28678 3.4870
* Solomon-Gotesman equation
t K =• 5.3507 x 10“b , a = 0. 8708
1
0
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TABLE 6.9
EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN DEGRADATION
OF CTP IN CHLOROFORM-PROPIONIC ANHYDRIDE SOLUTION AT 40°C
(acid concn. 2.997 x 10-2 mol/dm3)
(i) Ageing time 0.0 min.
Solvent flow-time 76.40 sec.
Time Flow-time 
min. sec. nsp LnlSG dl/g
Mn+ 105/Mn
15 97.60 0.2775 0.6350 55654 1.7968
30 90.10 0.1793 0.4230 35061 2.8522
45 87.70 0.1479 0.3524 28483 3.5109
60 86.70 0.1348 0.3225 25756 3.8827
75 86.20 0.1283 0.3075 24396 4.0990
90 85.90 0.1243 0.2985 23582 4.2405
105 85.70 0.1217 0.2925 23040 4.3403
120 85.60 0.1204 0.2894 22769 4.3919
135 85.60 0.1204 0.2894 22769 4.3919
150 85.50 0.1191 0.2864 22499 4.4447
165 85.60
180 85. 60
(ii) Ageing time 30 min.
Solvent flow--time 76.40 sec.
15 104.20 0,3639 0.8113 73543 1.3598
30 97.20 0.2723 0,6240 54560 1.8328
45 94.90 0.2421 0.5602 48256 2.0723
60 93.20 0.2199 0.5122 43585 2.2944
75 92.00 0.2042 0.4779 40285 2.4823
90 91.60 0.1990 0.4664 39184 2.5520
105 91.00 0.1911 0.4491 37535 2.6642
120 90.70 0.1872 0.4405 36710 2.7241
135 90.50 0.1846 0.4346 36160 2.7655
150 90.30 0.1819 0.4288 35611 2.8081
165 90.40 0.1832 0.4317 35885 2.7866
180 90. 20 0.1806 0.4259 35336 2.8300
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Table 6.9 continued
(iii;) Ageing time 60 min.
Solvent flow-time 76.40 sec.
Time
min.
Flow^time
sec. "sp Cn]SGdl/g
Mn 10S/Mn
15 110.50 0.4463 0.9713 90258 1.1079
30 104.40 0.3665 0.8165 74079 1.3499
45 101.20 0.3246 0.7323 65453 1.5278
60 99.40 0.3010 0.6840 60564 1.6511
75 98.20 0.2853 0.6514 57293 1.7454
90 97.50 0.2762 0.6322 55381 1.8057
105 97.00 0.2696 0.6185 54013 1.8514
120 96.50 0.2631 0.6047 52643 1.8996
135 96.30 0.2605 0.5992 52096 1.9195
150 96.00 0.2565 0.5908 51274 1.9503
165 95.70 0.2526 0.5825 50451 1.9821
180 95.60 0.2513 0.5797 50177 1.9929
(iv) Ageing time 120 min.
Solvent flow-time 84.60 sec.
15 131.90 0.5591 1.1782 112425 0.8895
30 126.90 0.5000 1.0714 100912 0.9910
45 124.10 0.4669 1.0101 94363 1.0597
60 121.90 0.4409 0.9610 89168 1.1215
75 119.80 0.4161 0.9135 84171 1.1881
90 119.00 0.4066 0.8952 82257 1.2157
105 118.10 0.3960 0.8745 80098 1.2485
120 117.20 0.3853 0.8537 77932 1.2832
135 116.80 0.3806 0.8444 76968 1.2992
150 116.20 0.3735 0.8304 75519 1.3242
165 115.20 0.3617 0.8070 73097 1.3680
180 115.60 0.3664 . 0.8164 74067 1.3501
* Solomon-Gotesman equation
t K = 4. 2756 x lCf5' , a = 0.8791
10 
/M
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mol/dm ) reactivity in degradation of CTP in chloroform-propio-onic anhydride solution at 40 C ,
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TABLE 6.10
EFFECT OF AGEING ON PERCHLORIC ACID REACTIVITY IN
DEGRADATION OF CTP IN TETRACHLOROETHANE-PROPIONIC
ANHYDRIDE SOLUTION AT 20°C (acid concn. 3.80 x 10~3 mol/dm3)
(i) Ageing 0.0 min.
Solvent flow-time 113.74 sec.
Time
min.
•Flow-time
sec. nsp Hi/SG* dl/g
M f n 105/Mn
15 159.70 0.4041 0.8903 64250 1.5564
30 151.60 0.3329 0.7491 52608 1.9009
45 146.60 0.2889 0.6588 45345 2.2053
60 142.30 0.2511 0.5793 39070 2.5595
75 139.10 .0.2230 0.5188 34394 2.9075
90 136.80 0.2027 0.4748 31035 3.2222
105 135.00 0.1869 0.4399 28411 3.5197
120 133.60 0.1746 0.4125 26375 3.7915
135 132.60 0.1658 0.3928 24924 4.0122
150 131.50 0.1561 0.3711 23332 4.2860
165 131.00 0.1517 0.3611 22610 4.4229
180 130.40 0.1465 0.3491 21745 4.5988
(ii) Ageing time 30 min. , Solvent flow- time 113.74 sec.
15 172.30 0.5149 1.0986 81952 1.2202
30 159.90 0.4058 0.8937 64535 1.5495
45 152.40 0.3399 0.7633 53765 1.8599
60 147.30 0.2951 0.6716 46364 2.1568
75 143.60 0.2625 0.6035 40969 2 o 4409
90 141.10 0.2405 0.5567 37316 2.6798
105 138.90 0.2212 0.5150 34101 2.9324
120 137.50 0.2089 0.4882 32057 3.1195
135 136.20 0.1975 0.4632 30160 3.3157
150 135.30 0.1896 0.4457 28848 3.4664
165 134.40 0.1816 0.4282 27538 3.6313
180 133.90 0.1772 0.4184 26811 3.7298
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Table 6.10 continued
(iii) Ageing time 60 min.
Solvent flow-time 113.74 sec.
Time
min.
Flow-time
sec. nsP di/|G
M t n 105/Mn
15 170.40 0.4982 1.0680 79319 1.2607
30 161.40 0.4190 0.9192’ 66670 1.4999
45 154.70 0.3601 0.8038 57084 1.7518
60 149.50 0.3144 0.7114 49563 2.0176
75 146.00 0.2836 0.6478 44470 2.2487
90 143.70 0.2634 0.6054 41115 2.4322
105 141.80 0.2467 0.5699 38339 2.6083
120 140.30 0.2335 0.5416 36147 2.7665
135 138.80 0.2203 0.5131 33955 2.9451
150 137.80 0.2115 0.4940 32495 3.0774
165 136.90 0.2036 0.4767 31181 3.2071
180 136.50 0.2001 0.4690 30597 3.2683
(iv) Ageing time 120 min.
Solvent flow-time 113.74 sec.
15 174.40 0.5333 1.1321 84847 1.1786
30 163.70 0.4392 0.9579 69929 1.4300
45 156.10 0.3724 0.8282 59098 1.6921
60 150.60 0.3241 0.7312 51159 1.9547
. 75 147.90 0.3003 0.6825 47237 2.1170
90 145.30 0.2775 0.6350 43450 2.3015
105 143.20 0.2590 0.5961 40384 2.4762
120 141.80 0.2467 0.5699 38339 2.6083
135 140.70 0.2370 0.5492 36732 2.7224
150 139.90 0.2300 0.5341 35563 2.8119
165 139.20 0.2238 0.5208 34540 2.8952
180 138.60 0.2186 0.5093 33663 2.9706
* Solomon-Gotesman equation
t K =1 6.2449 x 10"b , a - 0.8640
H/gCH
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TABLE 6.11
EFFECT OF AGEING ON ACID REACTIVITY IN DEGRADATION OF CTP
IN TETRACHLOROETHANE-PROPIONIC ANHYDRIDE SOLUTION AT 30°C
(acid concn. 3.80 x 10~3 mol/dm3)
(i) Ageing time 0.0 min. 
Solvent flow-time 95.73 sec.
Time
min.
Flow-time 
sec. nsp Cnl *ai/lG . Mn+
10S/Mn
15 121.80 0.2723 0.6242 49992 2.0003
30 113.60 0.1867 0.4393 33383 2.9956
45 109.80 0.1470 0.3503 25726 3.8872
60 108.00 0.1282 0.3073 22130 4.5187
75 107.20 0.1198 0.2880 20542 4.8680
90 106.70 0.1146 0.2759 19553 5.1142
105 106.50 0.1125 0.2711 19159 5.2195
120 106.40 0.1115 0.2687 18962 5.2738
135 106.40 0.1115 0.2687 18962 5.2738
150 106.30 0.1104 0.2662 18765 5.3292
165 106.30 0.1104 0.2662 18765 5.3292
180 106.20 0.1094 0.2638 1856.8 5.3857
(ii) Ageing time 20 min., solvent flow- time 95.73 sec.
15 127.50 0.3319 0.7470 61470 1.6268
30 117.90 0.2316 0.5375 42094 2.3756
45 113.90 0.1898 0.4463 33989 2.9421
60 111.60 0.1658 0.3927 29344 3.4078
75 110.70 0.1564 0.3716 27532 3.6321
90 109.90 0.1480 0.3527 25926 3.8571
105 109.60 0.1449 0.3455 25325 3.9487
120 109.40 0.1428 0.3408 24924 4.0121
135 109.30 0.1418 0.3384 24724 2.0446
150 109.20 0.1407 0.3360 24524 4.0776
165 109.30 0.1418 0.3384 24724 4.0446
180 109.20 0.1407 0.3360 24524 4.0776
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Table 6.11 continued
(iii) Ageing time 40 min. 
Solvent flow-time 98.13 sec.
Time
min.
Flow-time 
sec. nsp Ctllop*dl/g
Mn+ 1C)5/Mn
15 135.50 0.3808 0.8448 70810 1.4122
30 126.50 0.2891 0.6292 53237 1.8784
45 122.10 0.2443 0.5647 44554 2.2444
60 120.00 0.2229 0.5186 40402 2.4751
75 118.90 0.2117 0.4943 38227 2.6160
90 118.30 0.2055 0.4809 37040 2.6998
105 117.90 0.2015 0.4720 36250 2.7586
120 117.60 0.1984 0,4653 35657 2.8045
135 117.40 0.1964 0.4608 35262 2.8359
150 117.30 0.1954 0.4585 35065 2.8519
165 117.30 0.1954 0.4585 35064 2.8519
180 117.40 0.1964 0.4608 35262 2.8359
(iv) Ageing time 90 min. 
Solvent flow-time 95.73 sec.
15 151.20 0.5794 1.2141 107456 0.9306
30 143.60 0.5001 1.0715 93075 1.0744
45 140.40 0.4666 1.0095 86910 1.1506
60 138.60 0.4478 0.9741 83415 1.1988
75 137.20 0.4332 0.9463 80683 1.2394
90 137.10 0.4322 0.9443 80488 1.2424
105 135.90 0.4196 0.9203 78137 1.2798
120 135.30 0.4134 0.9082 76958 1.2994
135 135.00 0.4102 0.9022 76368 1.3094
150 134.70 0.4071 0.8961 75778 1.3197
165 134.60 0.4060 0.8941 75581 1.3231
180 134.40 0.4039 0.8900 75187 1.3300
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Table 6.11 continued
(V) Ageing time 120 min. 
Solvent flow-time 95.73 sec.
Time 
min.
Flow-time
sec. sp Cnlo * dl/|G V
105/M ' n
15 162.30 0.6954 1.4113 127767 0.7827
30 162.00 0.6923 1.4062 127229 0.7860
45 161.60 0.6881 1.3993 126511 0.7904
60 161.30 0.6849 1.3941 125971 0.7938
75 161.10 0.6829 1.3906 125612 0.7961
90 160.90 0.6808 1.3871 125251 0.7984
105 160.70 0.6787 1.3837 124891 0.8007
120 160.60 0.6776 1.3819 124711 0.8019
135 160.50 0.6766 1.3802 124530 0.8030
150 160.40 0.6755 1.3785 124350 0.8042
165 160.30 0.6745 1.3767 124169 0.8054
180 160.20 0.6735 1.3750 123989 0.8065
* Solomon-Gotesman equation
+ K ® 5. 1239 x 10"5, a = 0.8695
H
/
r
C
H
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EFFECT OF AGEING ON PERCHLORIC ACID REACTIVITY IN 
DEGRADATION OF CTP IN TETRACHLOROETHANE-PROPIONIC 
ANHYDRIDE SOLUTION AT 40°C (acid concn. 3.80 x 10~3 
mol/dm3)
TABLE 6.12
(i) Ageing time 0 
Solvent flow-
.0 min. 
time 83.65 sec •
Time
min.
Flow-time n 
sec. SP Cn]qr*dl/g
Mnt 105/Mn
15 103.30 0.2349 0.5446 45363 2.2044
30 99.40 0.1883 0.4429 35784 2.7946
45 98.20 0.1739 0.4110 32843 3.0448
60 97.70 0.1680 0.3976 31620 3.1626
75 97.60 0.1668 0.3950 31375 3.1872
90 97.50 0.1656 0.3923 31131 3.2123
105 97.50 0.1656 0.3923 31131 . 3.2123
120 97.50 0.1656 0.3923 33131 3. 2123
no change in flow-time up to 180 min.
(ii) Ageing time 10.0 min.
Solvent flow-time 83.65 sec.
15 107.50 0.2851 0.6509 55662 1.7966
30 102.70 0.2277 0.5292 43889 2.2785
45 101.10 0.2086 0.4876 39958 2.5027
60 100.60 0.2026 0.4745 38729 2.5820
75 100.10 0.1967 0.4614 37502 2.6665
90 100.10 0.1967 0.4614 37502 2.6665
105 100.10 0.1967 0.4614 37502 2.6665
no change in flow-time up to 180 min.
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Table 6.12 continued
(iii) Ageing time 20 min. 
Solvent flow-time 83.65 sec.
Time
min.
Flow-time 
sec. nsP Cnlop*dl/g
M t n 10S/Mn
15 111.20 0.3292 0.7419 64679 1.5461
30 107.20 0.2815 0.6434 54928 1.8206
45 106.10 0.2684 0.6159 52234 1.9144
60 105.60 0.2624 0.6032 51009 1.9604
75 105.50 0.2612 0.6007 50763 1.9699
90 105.40 0.2600 0.5982 50518 1.9795
105 105.50 0.2612 0.6007 50763 1.9699
120 105.50 0.2612 0.6007 50763 1.9699
\
no change in flow-time up to 180 min.
(iv) Ageing time 30 min.
Solvent flow-time 83.65 sec.
15 119.20 0.4250 0.9306 83886 1.1921
30 115.10 0.3760 0.8353 74098 1.3496
45 112.10 0.3401 0.7637 66861 1.4956
60 111.10 0.3282 0.7395 64436 1.5519
75 110.90 0.3258 0.7346 63950 1.5637
90 110.50 0.3210 0.7249 62978 1.5879
105 110.40 0.3198 0.7225 62735 1.5940
120 110.40 0.3198 0.7225 62735 1.5940
no change in flow-time up to 180 min.
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Table 6.12 continued
(v) Ageing time 45 min. 
Solvent flow-time 83.65 sec.
Time
min.
Flow-time 
sec. nsp dl/gG
M t n 105/Mn
15 120.60 0.4417 0.9626 87199 1.1468
30 119.00 0.4226 0.9260 83412 1.1989
45 118.70 0.4190 0.9191 82699 1.2092
60 117.60 0.4059 0.8937 80082 1.2487
75 116.50 0.3927 0.8681 77454 1.2911
90 115.60 0.3819 0.8470 75298 1.3280
105 115.30 0.3784 0.8400 74578 1.3409
120 115.30 0.3784 0.8400 74578 1.3409
no change in flow-time up to 180 min.
(vi) Ageing time 80 min.
Solvent flow-time 83.65 sec.
15 124.50 0.4883 1.0499 96340 1.0380
30 124.50 0.4883 1.0499 96340 1.0380
45 124.40 0.4871 1.0477 96107 1.0405
60 124.40 0.4871 1.0477 96107 1.0405
75 124.30 0.4860 1.0455 95874 1.0430
90 124.40 0.4871 1.0477 96107 1.0405
no change in flow-time up to 180 min.
* Solomon-Gotesman equation
t K = 4.7619 x 10" 5 , a = 0.8715
10 
/
M
n
30T
60 . . 120 180 minutes
F i O .  6 * 1 3  Effect of* ageing on perchloric acid ( concn.
— 3 33.8 X  10 mol/dm )reactivity in degradation of CTP in tetra-©chloroethane-propionic anhydride solution at ^0 C,
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EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN 
DEGRADATION OF CTP IN TETRACHLQRO-ETHANE-PROPIONIC 
ANHYDRIDE SOLUTION AT 30°C (acid concn. 3.80 x 10“2 
mol/dm3)
TABLE 6.13
(i) Ageing time 0.0 min. 
Solvent flow-time 98.13 sec.
Time
min.
Flow-time 
sec. nsp [nil * dl/g
M t n 105/M ' n
15 131.20 0.3370 0.7574 62453 1.6012
30 121.60 0.2392 0.5538 43566 2.2954
45 116.60 0.1882 0.4428 33682 2.9689
60 113.60 0.1576 0.3744 27777 3.6001
75 112.00 0.1413 0.3375 24646 4.0575
90 110.60 . 0.1271 0.3048 21922 4.5617
105 109.60 0.1169 0.2813 19987 5.0032
120 108.80 0.1087 0.2623 18448 5.4207
135 108.20 0.1026 0.2481 17299 5.7807
150 107.70 0.0975 0.2361 16346 6.1178
165 107.30 0.0934 0.2266 15586 6.4160
180 107.00 0.0904 0.2194 15018 6.6586
(ii) Ageing time 60 min.
Solvent flow-time 98.13 sec.
15 134.10 0.3666 0.8166 68099 1.4685
30 124.80 0.2718 0.6230 49887 2.0045
45 119.10 0.2137 0.4987 38622 2.5892
60 115.80 0.1801 0.4247 32105 3.1148
75 113.30 0.1546 0.3675 27189 3.6780
90 111.90 0.1403 0.3351 24451 4.0899
105 110.80 0.1291 0.3095 22310 4.4824
120 110.10 0.1220 0.2930 20953 4.7726
135 109.00 0.1108 0.2671 18832 5.3101
150 108.40 0.1047 0.2528 17681 5.6557
165 107.90 0.0996 0.2409 16727 5.9785
180 106.30 0.0833 0.2025 13700 7.2994
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Table 6.13 continued
(iii) Ageing time 120 min. 
Solvent flow-time 95.73 sec.
Time
min.
Flow-time
sec. ^sp Cnlcr*dl/g
Mnt lO5/ ^
15 135.30 0.4134 0.9082 76958 1.2994
30 124.10 0.2964 0.6743 54636 1.8303
45 118.40 0.2368 0.5487 43108 2.3198
60 114.90 0.2003 0.4693 36014 2.7767
75 112.30 0.1731 0.4091 30756 3.2514
90 110.70 0.1564 0.3716 27532 3.6321
105 109.20 0.1407 0.3360 24524 4.0776
120 108.10 0.1297 0.3097 22329 4.4784
135 107.30 0.1209 0.2905 20740 4.8215
150 106.50 0.1125 0.2711 19159 5.2195
165 105.80 0.1052 0.2541 17782 5.6237
180 105.20 0.0989 0.2394 16607 6.0214
(iv) Ageing time 180 min.
Solvent flow-time 98.13 sec.
15 149.40 0.5225 1.1124 97174 1.0291
30 129.60 0.3207 0.7243 59324 1.6856
45 124.00 0.2636 0.6058 48308 2.0701
60 120.20 0.2249 0.5231 40797 2.4511
75 117.60 0.1984 0.4653 35657 2.8045
90 115.30 0.1750 0.4133 31119 3.2134
105 113.90 0.1607 0.3813 28366 3.5254
120 112.40 0.1454 0.3467 25427 3.9328
135 111.30 0.1342 0.3212 23252 4.2953
150 110.40 0.1250 0.3001 21535 4.6439
165 109.80 0.1189 0.2860 20373 4.9084
180 109.10 0.1118 0.2694 19024 5.2565
* Solomon-Gotesman equation
t K = 5.1239 x 10"b , a = 0.8695
60 . , 120 180 
minutes
Effect of ageing on sulphuric acid (concn,o3,85 mol/dm ) reactivity in degradation of CTP in tetra-
0chloroethane-propionic anhydride solution at 30 C,
Fig- 6-14
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TABLE 6.14
EFFECT OF AGEING ON SULPHURIC ACID REACTIVITY IN
DEGRADATION OF CTP IN TETRACHLORO-ETHANE-PROPIONIC
ANHYDRIDE AT 40°C (acid concn. 3.80 x 10" 2 mol/dm3)
(D Ageing time 0.0 min.
Solvent flow-time 83.65 sec.
Time
min.
Flow-time
sec. nsp [ n Vdi/!G
M f n i°5/m n
15 105.80 0.2648 0.6083 51499 1.9418
30 98.30 0.1751 0.4137 33088 3.0223
45 94.70 0.1321 0.3163 24318 4.1121
60 93.00 0.1118 0.2694 20227 4.9439
75 92.30 0.1034 0.2499 18556 5.3890
90 91.40 0.0926 0.2247 16424 6.0887
105 91.00 0.0879 0.2134 15482 6.4589
120 90.60 0.0831 0.2021 14545 6.8750
135 90.30 0.0795 0.1936 13846 7.2224
150 90.00 0.0759 0.1851 13149 7.6051
165 89.90 0.0747 0.1823 12917 7,7415
180 89.80 0.0735 0.1794 12686 7.8826
(ii) Ageing time 60 min.
Solvent flow-time 81.70 sec.
15 107.70 0.3182 0.7193 62420 1.6020
30 97.90 0.1983 0.4650 37837 2.6429
45 94.40 0.1554 0.3695 29063 3.4408
60 92.80 0.1359 0.3249 25081 3.9871
75 91.60 0.1212 0.2912 22114 4.5220
90 90.80 0.1114 0.2685 20148 4.9632
105 90.10 0.1028 0.2485 18439 5.4234
120 89. 70 0.0979 0.2371 17466 5.7253
135 89.40 0.0942 0.2284 16740 5.9738
150 89.00 0.0894 0.2169 15774 6.3394
165 88.90 0.0881 0.2140 15534- 6.4376
180 88.80 0.0869 0.2111 15293 6.5388
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Table 6.14 continued
(iii) Ageing time 
Solvent flow
120 min. 
-time 83.65 sec.
Time
min.
Flow-time
sec. nsp Cnlqp*ai/!G
Mnt. 105/Mn
15 113.50 0.3568 0.7973 70246 1.4236
30 106.00 0.2672 0.6133 51989 1.9235
45 102.00 0.2194 0.5110 42169 2.3714
60 100.10 0.1967 0.4614 37502 2.6665
75 98.20 0.1739 0.4110 32843 3.0048
90 97.10 0.1608 0.3815 30153 3.3164
105 96.10 0.1488 0.3545 27716 3.6081
120 95.60 0.1429 0.3409 26500 3.7736
135 95.10 0.1369 0.3273 25287 3.9546
150 94.60 0.1309 0.3136 24077 4.1534
165 94.30 0.1273 0.3053 23352 4.2823
180 94.00 0.1237 0.2971 22628 4.4192
(iv) Ageing time 180 min.
Solvent flow- time 81.70 sec,
15 121.10 0.4823 1.0387 95153 1.0509
30 110.70 0.3550 0.7935 69865 1.4313
45 105.60 0.2925 0.6664 57178 1.7489
60 102.40 0.2534 0.5841 49154 2.0344
■ 75 100.40 0.2289 0.5317 44126 2.2663
90 98.90 0.2105 0.4918 40322 2.4782
105 97.70 0.1958 0.4596 37334 2.6785
120 97.00 0.1873 0.4407 35576 2.8109
135 96.20 0.1775 0.4189 33568 2.9790
150 95. 70 0.1714 0.4052 32315 3.0946
165 95.30 0.1665 0.3943 31313 3.1936
180 95.10 0.1640 0.3888 30812 3.2454
* Solomon-Gotesman equation
t K = 4.7619 x 10”5 , o = 0 . 8715
10 
/M
310
ethane-propionic anhydride solution at 40 C ,
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TABLE 6.15
KINETIC DATA FOR REACTION OF PERCHLORIC ACID WITH PROPIONIC 
ANHYDRIDE IN CHLOROFORM SOLUTION AT VARIOUS TEMPERATURES 
(ACID CONCN. 3.8 x 10” 3 mol/dm3) OBTAINED FROM CTP 
DEGRADATION RUNS
E X P E R I M E N T A L C A L C U L A T E D
Ageing time 
(min)
Initial 5 
slope 10 k/min 1
Acid concn^ 
103/mol dm” k/min”1
20°C
0.0
60
120
240
25 °C 
0,0 
60 
120 
240
30 °C 
0.0 
60 
120 
180
40 °C 
0,0 
60 
120 
180
0.02198
0.01926
0.01802
0.01553
0.02837
0.02332
0.02088
0.01727
0.03651
0.02980
0.02145
0,01870
0.08606
0.06113
0.04069
0.02667
7.2609
6.3624
5.9527
5.1313
9.3718
7.7036
6.8975
5.7050
12.0608
9.8442
7.0858
6.1774
28.4291
20.1937
13.4416
8.8102
5.0869 
4.4878 
4.2146 
3.6669
4.3686
3.6131
3.2480
2.7079
4.3259
3.4786
2.4241
2.0769
4.3264
3.1315
2.1518
1.4798
5.70 x 10-4
8.3*t x 10~4
1.85 x 10-3
2.60 x 10-3
312
LO O• i
[ Y))3H ] 6 0 ) '
313
KINETIC DATA FOR REACTION OF PERCHLORIC ACID WITH PROPIONIC 
ANHYDRIDE IN TETRACHLOROETHANE SOLUTION AT VARIOUS TEMPERA­
TURES (ACID CONCN. 3.8 x 10” 3 mol/dm3) OBTAINED FROM CTP 
DEGRADATION RUNS
TABLE 6.16
E X P E R I M E N T A L C A L C U L A T E D
Ageing time 
(min)
Initial
slope 105k/min-1
Acid concn, 
103/mol dm“ 3 k/min” 1
20 °C
o•o 0.02727 9.0084 3.9365
30 0.02475 8.1759 3.5973 1.95 x 10“3
60 0.01987 6.5639 2.9405
120 0.01540 5.0873 2.3389
30 °C
o  .»o 0.08151 26.9261 4.0999
20 0.05589 18.4628 2.9392 6.40 x 10”3
40 0.04150 13.7092 2.2873
90 0.01548 5.1137 1.1084
120 0.0060 1.9820 0.6790
£>• o o o ofto 0.0788 26.0309 2.1674
10 0.0354 11.6941 1.1404 I .63 x 10 2
20 0.0189 6.2434 0.7499
30 0.0101 3.3364 0.5716
45 0.0031 1.0241 0.3760
lo
g 
[h
c
io
/J
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Fig. 6-10 Kinetic plots for HCIO^ reaction with prop­
ionic anhydride in tetrachloroethane at various temperatures.
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KINETIC DATA FOR REACTION OF SULPHURIC ACID WITH PROPIONIC 
ANHYDRIDE IN CHLOROFORM AND TCE AT VARIOUS TEMPERATURES. 
(ACID CONCN. 3.8 x 10"3 mol/dm3) OBTAINED FROM CTP 
DEGRADATION RUNS.
TABLE 6.17
E X P E R I M E N T A L C A L C U L A T E D
Ageing time 
(min)
Initial 
slope/10 3 105k/min“ 1
Acid concn. 
10"2 mol dm3
k/min-1
20°C
0,0 0.02311
Chloroform
7.6342 3.0640
60 0.02007 6.6299 2.6499 2.0 8 x 10-3
120 0.01715 5.6653 2.2521
240 0.00787 2.5998 0.9879
30 °C o•o 0.04881 16.1239 3.4781
40 0.02958 9.7715 2.1276 4.26 x 10 3
90 0.02364 7.8093 1.7105
120 0.01280 4.2284 0.9492
O o O
o o 0.10345 34.1728 3.8615
30 0.049168 16.2422 1.7650 1.06 x 10 2
• 60 0.02496 8.2453 0.8300
120 0.00873 2.8822 0.20293
30 °C
0,0 0.04939
T C E
16.3155 4.0467
60 0.04067 13.4350 3.3900 1.23 x 10-3
120 0.03391 11.2019 2.8809
180 0.02791 9.2198 2.4290
40 °C
o0o 0.07768 24.3395 3.1242
60 0.06011 19.8568 2.6375 -3
120 0.03839 12.6818 1.8585
2.02 x 10
180 0.02521 8.3279 1.3858
J lb
[^ o s ^ h  ] 6o)
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CHAPTER SEVEN 
DISCUSSION OF RESULTS
7.1 General Considerations
Degradation of cellulose tripropionate was expected 
to follow a first-order reaction, as a result of random chain 
scission, based on the concentration of chain links present 
in solution which is expressed in Eq. 5.9 Since derivation 
of Eq. 5,9 is based on the rate of breaking of chain links 
being proportional to the number of links present, therefore 
the rate constant, k, should be independent of both polymer 
concentration and molecular weight. On these assumptions 
we expect to get good linear kinetic plots for the degradation 
of CTP. However, most of the plots were found to be curved 
except at lower temperatures.
Going through all the Figures in Chapter 5 (Fig. 5.1 
to 5.48), which summarise the degradation reactions in all * 
the solvents used and with all the catalysts studied, it is 
seen that in general good linear plots are obtained at tem­
peratures of 20°C and below. Meanwhile at higher tempera­
tures it is seen that the higher the temperature the greater 
the curvature obtained.
In Bhatti and Howard's workf^on degradation of cellulose 
triacetate, some curved plots were obtained for sulphuric acid 
catalysed reactions and their explanation was that either 
these reactions proceed via quite a different mechanism than 
for other catalysts, or the catalyst is being continuously 
removed due to its reaction with acetic anhydride to form
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compounds such as diacetylsulphuric acid, sulphoacetic acid 
or even pyrosulphuric acid. However, it is seen from the 
current work that all the catalysts used gave curved plots 
at higher temperatures, with wide variations in curvature 
from one catalyst to another or from one solvent to another. 
This aspect of the work will be discussed in detail later 
on in this Chapter, with reference to the ageing studies 
described in Chapter 6.
Considering the results in Chapter 5, for the compari­
son of catalyst activities the rate constants (t = 0 ; 
negligible ageing effect) of the degradation reactions were
calculated (least squares treatment of rate constant -
—  2concentration data) for a concentration of 4.00 x 10 mol/ 
dm3 at 15 to 30°C in dichloromethane (DCM) and 20 to 40°C 
in chloroform and tetrachloroethane (TCE) for all the cata­
lysts used.
The results are shown in Table 7.1
7.2 The Catalyst - Solvent System
Perchloric acid was found to be the most powerful 
catalyst throughout this work, rate constants obtained for 
HCIO^ were found to be 6 to 17 times higher than those 
obtained by H2SC>4 , and 120 to 500 times higher than those 
obtained by metal halides (Lewis acids). The rate constants 
for HCIO^ in the three solvents were found to be in the order 
of TCE > DCM > Chloroform for temperatures from 25°C up to - 
40°C and the order TCE > Chloroform > DCM at 20°C (Table 7.1). 
The reversal of solvent order may be due, in part, to the 
higher activation energy observed (Table 5.48b) in dichloro-
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TABLE 7.1
RATE CONSTANTS CALCULATED FOR 4.00 x 10“2 mol/dm3 CATALYST 
CONCENTRATION IN DIFFERENT SOLVENTS* AT VARIOUS TEMPERATURES.
Catalyst — *■ HCIO4 H 2SOi* FeCl3 SbCl5
Rate const ant;—» " S _I10 k/min 105k/min_1 10 5k/min”- 5 _ 1 10 k/min
15°C
Chloroform - - _ -
Tetrachloroethane - - - -
Dichloromethane 29.0 2.5 0.1 0.5
20 °C
Chloroform 60.0 10.0 0.5 0.4
Tetrachloroethane 98.0 7.0 0.4 0.7
Dichloromethane 29.0 2.5 0.1 1.2
25 °C
Chloroform 88.0 14.0 0.5 0.4
Te t rachloroeth ane 171.0 10.0 0.5 0.8 '
Dichloromethane 90.0 7.0 0.4 1.2
30 °C
Chloroform 105.0 19.0 0.8 0.5
Tetrachloroethane 289.0 16.0 1.0 0.9
Dichloromethane 147.0 11.0 1.6 1.6
o 0 O
Chloroform 274.0 35.0 2.3 0.6
Te t r ach loroe th ane 554.0 42.0 2.4 2.0
Dichloromethane _ — ~ -
* all solvents contain 2.00 mol/dm3 propionic anhydride.
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methane for this catalyst.
Sulphuric acid was found to be a moderately good 
catalyst (Table 7.1), and the rate constants obtained 
using HgSO^ in the three solvents were found to be in the 
following order :
Chloroform > TCE > DCM
over the temperature range from 20 to 30°C at least; the 
order being reversed for the first two solvents at 40°C.
Although this catalyst was found to be a considerably 
less active degradation catalyst than perchloric acid, it 
was still better than the metal halide catalysts with rate 
constants 20-84 times in chloroform and TCE and from 2 to 7 
times higher in DCM (Table 7.1).
The metal halide (Lewis acid) catalysts were clearly 
the least active in catalysing the degradation reactions.
Rate constants for ferric chloride were practically the 
same in chloroform and TCE in the temperature range 20°-40°C 
and approximately as 1:2 for antimony pentachloride (TCE 
at 25°C was a notable exception). Ferric chloride tended 
to become a better catalyst than antimony pentachloride, 
particularly at higher temperatures. The solvent DCM 
tended to be the better solvent, giving higher rate constants 
especially noticeable for antimony pentachloride. The other 
metal halides studied in this work, showed little or no 
ability to catalyse the degradation reaction within the 
temperature range up to 40°C (see Table 5.49 ) •
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7.3 Catalytic Coefficients
The relationship between catalyst concentration and 
rate constant was found to be a linear one for HCIO^ ,
H2S04 , and FeCl^ as shown in Figs. 5.4 a ,  5.8 a, 5,12 a,
5.20 a, 5.24 a, 5.28 a, 5.36 a , 5.40 a and 5.44 a , but a 
logarithmic relationship was found for SbCl5 -as shown in 
Figs. 5.16 a and 5.32 a,and 5.48 a .
The slopes of the linear plots give the overall 
catalytic coefficients in each case and these are shown in 
Table 7 .2
Whether contributions to the overall catalytic co­
efficient come equally from kg+ and kpr+ or one predominates 
(possibly exclusively) over the other cannot as yet be 
decided. The catalyst concentration effect on rate con­
stant, as represented by its corresponding overall catalytic 
coefficient (Table 7.2 ), is clearly affected by both 
solvent and temperature. As in the case of the degradation 
rate constants, discussed earlier, there is no obvious 
dependence on the electrical properties of the solvent.
The relative values of the overall catalytic coefficients 
follow the same order shown by the degradation rate constants 
as would be expected. The increase in overall catalytic 
coefficient with temperature is in keeping with an Arrhenius 
relationship, although it is not possible to evaluate the
■j* *1"separate activation energies for H and Pr species in the 
case of the acids. An estimate of the Pr+ activation 
energy for ferric chloride assuming that one mole of Pr+ 
was formed per mole of FeClg (see Equation 7.11) gave values 
of 14.0, 18.6, 24.2 k cal mol 1 for chloroform, tetrachloroe-
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TABLE 7.2
OVERALL CATALYTIC COEFFICIENTS FOR DIFFERENT CATALYSTS AT
VARIOUS TEMPERATURES
_ 5Catalytic coefficient 10 min"1/mol dm"3
Temperature h c i o 4 H2S04 FeCl3
Chloroform
ooOCM 1.5 x 10"2 2.4 x 10“ 3 0.1 x 10"3
25 2.2 3.3 0.2
30 2.6 " 4.7 0.3
40 6.8 " 8.6 ” 0.5 "
TCE
20°C 2.5 x 10“2 1.8 x 10~3 0.1 x 10"3
25 4.3 11 2.9 " 0.2 "
30 7.3 4.4 0.3 "
40 14.0 9.2 " 0.8
DCM
15°C 0.7 x 10”2 0.7 x 10"3 0.6 x 10"4
20 1.2 " 0.7 M 0.8 "
25 2.3 1.5 2.6
30 3.7 " 2.8 4.2
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thane, and dichloromethane respectively; on the basis of 
this 1:1 molar relationship the values shown in Table 7.2 
for FeClg would be those for Pr+ in the various solvents.
The degradation of cellulose tripropionate under 
anhydrous conditions, in the presence of propionic anhy­
dride, is believed to occur through an S^l mechanism.
All the degradation reactions in this work were carried 
out at a concentration of 4.00 g/dm3 CTP with a molecular 
weight of about 105 and containing an oxygen linkage con­
centration of 0.0121 mol/dm3 (linkages concentration =
4 x 10”5 [(105/330)-l]). The presence of 2 mol/dm3 propionic 
anhydride in the reaction solution makes it's concentration 
165 times the oxygen linkage concentration ([-*0-]) and the 
reaction is therefore pseudo first-order in terms of linkage 
concentration so that
„ ftL~Q.il s k r_o-idt 1 u J 7.1
A suggested reaction mechanism for perchloric acid catalyst 
involves the following equations :
HCtOit H + CHO4 7 2
Pr20 + HCiOj* Pr C&O4 + Pr OH 7.3
PrCiOi* + Pr+ + C2-O4"" 7 4
0 0 e  O + O  “ O *  »..
t ..
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A similar reaction mechanism for sulphuric acid would be 
given by
H 2S04 t H+ + H 2SC\ 7.7
Pr20 + H 2SOi+ £ PrHSOi| + PrOH 7.8
PrHSOi* t pr+ + HSOi*~ 7.9
The metal halides act as electron accepter molecules in 
their role Lewis acids as for example ferric chloride :
X + Fe Cl3 -* [Fe Ct3X] 7.10
On this basis it reacts with propionic anhydride as follows
Pr20 + Fe CJt3 ->• Pr+ [FeCt3OPrJ~ 7.11
Pr+ [Fe Ct30 P ]“ t Pr+ + [Fe C£3OPr]'" 7.12
and the scission step being given by Eq. 7.6 above. It was 
reported by Hunt and SatcheIlshat addition complexes 
between stannic chloride and acetic, propionic, and benzoic 
anhydrides have been prepared and characterised. The com­
plex in the case of stannic chloride has the structure
R —  C =  0
R —  C
and they ruled out any formation of the intermediate proposed 
in E q . 7.11.
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The propionic anhydride concentration in the reaction 
media was much higher than the catalyst concentration (20 to 
500 times), and if all the catalyst goes to form the fully 
dissociated complex (Eqs. 7.4, 7.9 and 7.12) the rate con­
stant should be a linear function of catalyst concentration 
as found for HCJIO4, K^SOi*, and FeC&3 See Figs. 5.4a, 5.8 a, 
5.12a, 5.20a, 5.24a, 5.28a, 5.36a and 5.40a. For a rela­
tively stable incompletely dissociated complex, Such as 
SbCls , then [Pr ] increases in a non-linear manner with 
catalyst concentration which explains the non-linear 
relationship found (see Figs. 5.16a , and 5.48 a)
The degree of dissociation of the catalyst-propionic 
anhydride complexes determines the concentration of propiony-
"I"lium ion [Pr ] for the rate process
k “ k 0 + kpr+ tp r+] 7.13
where k is the observed rate constant and k_. + thePr
catalytic rate coefficient for the propionylium ion. Here 
k 0 = 0 as shown by a constant flow-time for the polymer
solution without catalyst over 24 hours so for the metal
halides the observed rate-constant is expressed by
k = kPr+ [Pr+l 7 -14
In the case of the mineral acid catalysts the 
rate of degradation can be expressed by
“ kH+ tH+H-0-] + kpr+ [Pr+n-0-] 7.15
where kH+ , and are the corresponding catalytic
coefficients.
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Thus the observed rate constant, k , can be expressed in 
terms of the equilibrium concentrations [H ] and [Pr ] 
and their respective catalytic coefficients kH+ , and kpr+ 
by the relationship:
k = kH + [H+] + kpr + [Pr+] 7.14
If during the degradation reaction time the catalyst 
concentration remains constant, then the rate of the reaction 
will depend directly on the propionylium cation concentration 
since [H+ /Pr+ ] will be virtually constant from Eqs. 7.2-7.4 
and 7.7-7.9. The formation of [Pr+] is believed to be 
fast and its concentration remains constant to give no change 
in the rate constant during the reaction time, therefore 
linear kinetic plots were obtained at low temperatures 
(15° or 20°C).
At higher temperatures (25° to 40°C), however, the 
catalyst concentration, decreased continuously during the 
reaction time (see Chapter 6) with a consequent decrease in 
the propionylium ion formation leading to a continuous 
decrease in the rate constant giving the curved kinetic 
plots observed. It is probable that kR+ > kp + in these 
reactions.
As mentioned in Chapter 6, the decrease in the 
catalyst concentration is due to a side-reaction between 
the catalyst and propionic anhydride, and this reaction 
would become faster at high temperatures to give greater 
curvature in the kinetic plots (see Fig 6.3 to 6.14), The 
evaluation of the initial rate constants from curved plots
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was made on the basis of measuring the initial slopes at 
zero reaction time (t = 0) as mentioned in Chapter 5 .
Going back to the results in Chapter 5 it was 
found that at all temperatures and with all solvents HCaOj* 
gave higher rate constants (see Table 7.2) than the other 
catalysts. This could be due to either the dissociation 
of HCJIOI+ or its complex being higher as follows
HClOi, iH+ + CiO,,- 7,15
Pr+ [PrO HCJIO,,]- t Pr+ + PrO CfLOh~ 7.16
It was also found that HC5-01+ gave higher rate constants in
TCE than in the other solvents which is difficult to explain
on the basis of available information about polarity, 
dielectric constant, and solvent donor ability for the 
solvent mixtures used in this work.
The activation energies found for the CTP degradation
reaction (Tables 5.16c, 5.32c, and 5.48c) were comparable
70to those reported for cellulose triacetate degradation
(9.2 to 26.0 k cal/mol.). Our activation energy values and
the reported ones seem reasonable for the scission of C-O-C
linkages and can be compared to the value of 19.0 k cal/mol
6 7reported by Frith . Variation in activation energy found 
in the present work was in the range 14-19 for HCIO^, 12-18 
for H 2S04 , 8-24 for FeCl^, and 5-14 k cal/mole for SbCl^. 
Differences between the activation energy values may be due 
to solvent effect on both the chemical structure of the 
catalyst-propionic anhydride intermediate complex and the
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activation complex (see Eq. 7.6)
Values for the pre-exponential A factor in the Arrhenius 
equation (Table 5.16b, 5.32b and 5.48b), are comparable to 
those found in non-aqueous solution kinetics. They are sub­
jected to some uncertainty since they are obtained from the 
intercepts of extrapolated Arrhenius plots. The values for 
antimony pentachloride in chloroform and tetrachloroethane 
are extremely low in keeping with the very low activity of 
this catalyst.
The virtual inability of other metal halides (previously;
70reported to be active catalysts ), for the degradation of 
CTP in the present work seems to be mainly due to the 
difference in solvent composition. Thus an inactive catalyst, 
such as SnCl^, was found to be active when used in a solvent 
containing 2 mol/dm acetic anhydride instead of propionic 
anhydride (see Table 5.49). The propionic anhydride-catalyst 
complex (intermediate) dissociation to form Pr+ may vary from 
one catalyst to another so that higher dissociation may occur 
in the case of HCIO^ and H^SO^. In the case of SnCl^ a 
precipitate was noticed in this work by leaving SnCl^ solution 
in chlorinated solvent containing 2 mol/dm propionic anhydride 
for about 4 weeks), suggesting that a very non-dissociating 
complex may be formed in this case.
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APPENDIX I
Computer Program for Polynamial Curve Fitting
500
502
504
505 
510 
520 
530 
535
540
550
560
570
572
574
576
580
590
600
610
620
630
640
650
660
670
674
676
678
679
680 
690 
700 
710 
720 
730 
740 
750 
755 
760 
770 
7 80 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
900 
910 
920
DIM X(12)» Y(12)» A<100>» B(20)7 E (20>
DEFINE FILE £ 1 = 'POL'YC2'
B$=' '
PRINT 'INPUT NO. OF POINTS'
INPUT N
S5=0 - - - - -    —
FOR 1=1 TO N
PRINT 'POINT NO. 'sis' INPUTX,Y's 
INPUT X(I)» Y<I)
85=85+Y (I)
NEXT I 
PRINT
PRINT ' D O  YOU WANT TABLES OF DEVIATIONS<Y/N)
INPUT C$
PRINT
PRINT 'TYPE HIGHEST POWER OF X IN POLYNOMIAL'
PRINT ' THAT YOU WANT FIT THROUGH THESE POINTS'!
INPUT M5
IF M5>=M THEN GOTO 650 
IF M5<=0 THEN GOTO 650 
IF MSOINT(M5) THEN GOTO 650 
GOTO 670
PRINT 'THIS MUST BE AN INTEGER >ZERG AND LESS THAN ':N
GOTO 570
M=1
PRINT
WRITE £ 1 * 'POLYNOMIAL OF ORDER ': M 
WRITE £17 B$
S1 =S5
PRINT 'STANDARD DEVIATION OF ACTUAL AND PREDICTED POINT 
FOR 1=1 TO M+i 
FOR J=1 TO M+l
IF J=i THEN IF 1=1 GOTO 770 
S=0
FOR L=1 TO N 
S=S+X(L)'-< I+J-2)
NEXT L
M9= (M+1) ■* (J-1 > +1 
A < M9)=3 
NEXT J 
NEXT I ----- 
A (1)=N
FOR 1=2 TO M+l 
S=0
FOR J=1 TO N 
S=S+Y(J)*X(J)-M I-i)
NEXT J 
B (I>=S 
NEXT I 
B <1)=S1
REM ROUTINE TO LINEAR EQATION
Mi=M+i
N0=M1
REM FORWARD SOLUTION
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930 T1 =0
940 K1 =0
950 J1=-M1
960 FOR J0=1 TO Ml
970 02=00+1
980 01=01+M1+1
990 Bi=0
1000 11=01-00
1010 FOR 10=00 TO Ml
1020 REM SEARCH FOR MAX COEFF IN COLUMN
1030 12=11+10
1040 IF ABS< B1)>=ABS<A (12)) THEN iGOTO 10
1050 B1=A<12)
1060 13=10
1070 NEXT 10
1080 REM TEST FOR SINGULAR MATRIX
1090 IF ABS(B1)>T1 THEN 1130
1100 Kl = l
1110 PRINT •'SINGULAR MATRIX /CHECK DATA-'
1120 STOP
1130 L1=00+M1 *(00-2)
1140 11=13-00
1150 FOR K0=00 TO Ml
1160 L1=L1+M1
1170 L2-L1+I1
1180 S1=A(L1)
1190 A(LI)=A(L2)
1200 A (L2)=S1
1210 A (LI)=A(L1)/Bl
1220 NEXT KO
1230 S1=B(13)
1240 B (I3)=B(00)
1250 B(00)=S1/B1
1260 REM
1270 IF 00=N0 THEN 1410
1280 I4=M0*<00-1)
1290 FOR 16=02 TO NO
1300 15=14+16
1310 11=00-16
1320 FOR 04=02 TO Ml
1330 I7=M1# <04-1)+16
1340 03=17+11
1350 A(I7)=A(I7)-(A(I5)*A(03))
1360 NEXT 04
1370 B (16)=B(16 >-(B(00)#A (15))
1380 NEXT 16
1390 NEXT 00
1400 REM BACK SOLUTION
1410 N1=M1-1
1420 I1=M1 1
1430 FOR 00=1 TO N1
1440 Z1=11-00
1450 Z2=NO-00
1460 Z3=N0
1470 FOR K0=1 TO 00
1480 B(Z2)-B < Z2)-A(Z1)*B(Z3)
1490 Z1=Z1-M1
1500 Z3=Z3-1
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1510 NEXT K0
1520 NEXT JO
1530 REM****END OF LINEAR SOLVER ROUTINE
1540 '32=0
1550 FOR 1=1 TO N
1560 S=B(1)
1570 FOR J=1 TO M
1530 S«S+B(J+l)*X<I)y'J
1590 NEXT J
1600 E (I)=S
1610 S2=S2+(Y<I)-S)'"2
1620 NEXT I
1630 S2=SQR(82/(N-1)>
1640 WRITE £1,'STANDERED DEVIATION OF ACTUAL AND PREDECTED POI
1650 WRITE £1,B*
1660 WRITE £1»
1670 WRITE £1, -■COEFFICIENT OF POLYNOMIAL-'
1680 FOR 1=1 TO M
1690 WRITE £1,B$
1692 M9-M-I+2
1694 Y5=B(M9)
1700 WRITE £1,Y5:X*XA'«M5
1710 NEXT I
1720 WRITE £1,B*
1730 UR ITE £11 PLUS CONSTANT ': B (1)
1740 WRITE £ 1» B$
1750 WRITE £1,B*
1760 IF C$0-Y' THEN 2120
1790 WRITE £1i
1800 WRITE £1,' V  -'TABLE STORED ACCORDING TO X VALUES'*
1810 WRITE £1,8*
1820 WRI TE £ 1 > •' X- VALUE •' , Y-VALUE ' Y FIT PERCENT DIFFERENCE '
1830 WRITE £1,B*
1840 FOR 1=1 TO N-l
1850 S=0
1860 FOR J=1 TO N-I
1870 IF X<JKX(J+i) THEN 1980
1880 9=1
1890 D=X(J+i)
1900 X(J+l>=X(J)
1910 X(J)=D
1920 D=Y(J+l)
1930 Y(J+l)=Y(J)
1940 Y(J)=D
1950 D=E(J+l)
1960 E<J+l)=E(J)
1970 E (J )=D
1980 NEXT J
199 0 IF 3=0 THEN 2010
2000 NEXT I
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2010 FOR 1=1 TO N
2020 IF Y ( I ) 0 0  THEN 2060
2030 WRITE £i»X(I>*Y(I)»E(I)
2040 WRITE £1>B$
2050 GOTO 2110
2060 P=100*(Y<I>-E<I))/Y(I)
2065 IF P>0 THEN 2090
2070 WRITE £1»X(I)jY(I)?E(I)»P
2080 GOTO 2110
2090 WRITE £1 > X (I > » Y( 1 > > E < I > * •' '.P
2100 WRITE £i,B$
2110 NEXT I
2120 IF M>M5-.l THEN 2160
2130 M=M+1
2140 WRITE £1,B$
2150 GOTO 674
2160 WRITE £1,B$
2170 PRINT ' DOYOU WANT TO ENTER NEW DATA (Y/N) '
2180 INPUT C$
2190 PRINT
2200 IF C$="Y-- THEN 505
2210 CLOSE £1
2220 QUIT
